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STUDIES X-RAY EFFECTS. 


VI. EFFECT THE CELLULAR REACTION INDUCED X-RAYS 
CANCER GRAFTS.* 


JAMES MURPHY, M.D., RAYMOND HUSSEY, M.D., WARO NAKA- 
HARA, AND ERNEST STURM. 


(From the Laboratories The Rockefeller Institute for Medical Research.) 
20. 


(Received for publication, October 19, 1920.) 


The theory that cancer tissue general more susceptible injury 
x-rays than normal tissue has been the subject extensive 
far have been able determine from the 
literature there have been conclusive proofs brought forward that 
this theory correct. Cancer cells can undoubtedly killed 
x-rays, but judging from our experiments the amount x-rays which 
can safely given man, without causing burns and other deleteri- 
ous effects, not sufficient kill the cancer cell 

general may said that the x-rays have given almost uni- 
formly beneficial results the treatment human cancer only 
one type malignant disease; namely, skin cancer, particularly the 
basal cell epithelioma type. Many explanations have been brought 
forward account for the fact that these growths are easily 
affected, while other cancers, lying just beneath the skin and therefore 
almost accessible the rays, yield less uniform results. The 
belief among x-ray workers that the difference depends dosage, 
and their tendency has been endeavor increase the amount 
x-rays delivered the diseased area. Even very large doses 
x-rays have failed give uniformly good results any but the super- 


This investigation was carried out means funds from the Rutherford 
Donation. 
Colwell, A., and Russ, S., Radium, x-rays and the living cell, London, 
1915, 270. 
Hill, E., Morton, J., and Witherbee, D., Exp. Med., 1919, xxix, 89. 
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ficial cancers, although sometimes there slowing down the 
progress even cessation growth for period; rarely has actual 
retrogression taken place. the vast majority instances the 
treatment may said have had effect, and even the few 
cases which there improvement the benefit only temporary. 

Aside from skin cancer the only other tumors greatly affected 
x-rays are the sarcomata arising from the testicle, and certain lym- 
phoid tumors. interest note that the tissues from which 
these tumors arise are the most sensitive the normal tissues 
x-rays. Here again doubtful whether the malignant tissue 
any more sensitive than the normal tissue from which arose. Some 
those who question whether the cancer cell more susceptible than 
normal tissue x-rays have advanced theories explain their 
results. The two which have received most attention are (a) the 
idea that the dividing cell has increased susceptibility x-rays, 
and the theory that the effect obtained from x-ray therapy arises 
from the induced obliteration the blood vessels which diminishes 
the nutrition delivered the new growth. the first these expla- 


nations correct, should expect that the best method treating 


skin cancer would very frequent small doses x-rays 
destroy the cells they reach the dividing stage. Experience 
has shown that this method does not give the desired result. the 
obliteration the blood vessels the cause the occasional 
retrogression, should expect more uniform result than 
present obtained, for blood vessel changes are quite constant. 

the past, investigators this field have attempted establish 
the efficacy x-ray therapy exposing tumors situ. results 
viewed from the experimental side have one fallacy; namely, that 
they not take into account the effect x-rays the animal 
general and the local tissue reaction induced this agent. Other 
experimenters have exposed tumor grafts vitro x-rays and then 
inoculated them into animals. most instances when destruction 
cancer grafts resulted, the doses used were not comparable 
the amount x-rays that can safely given living animal. 
When definite destructive action the cancer grafts was noted 
with amounts x-rays comparable the dose which can safely 
given man, the view was put forward that only one dose 
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was administered this case, while the usual treatment 
man repeated exposures are given, conclusions can drawn from 
the failure. have recently reported series experiments 
which the attempt was made treat transplantable mouse cancer 
vitro, nearly possible the same manner that employed 
the treatment human cancers, with the exception that the dosage 
was The cancer growths were removed intervals 
from weeks, exposed x-rays, and replanted new series 
animals. The outcome the experiment was first reduce 
slightly and transitorily the growth energy the tumor, while the 
later treatments were without effect either the number takes 
the rate growth the tumor. 

Hence may assumed that considerable doubt still exists that 
x-rays dose suitable for living animal, amount which 
will not produce burn, will exert great destructive action the 
cancer cell. The question arises why uniformly good results should 
follow the treatment skin cancer and almost uniformly poor 
results obtained the treatment cancers only slightly deeper 
tissues. The problem involved the immediate basis the experi- 
ments described this paper. 

The studies carried out workers this laboratory, extending 
over several years, have emphasized the close relation existing between 
the lymphocytes and resistance susceptibility cancer 
They have also shown that the lymphocyte greatly affected 
x-rays, since possible either stimulate small doses the pro- 
duction these cells larger ones practically destroy all the 
lymphoid tissues the looking for explanation the 
results the treatment human cancer with x-rays, the light 
the findings described above, have noted two interesting observa- 
tions the literature—first, that treating cancer the skin the 


Murphy, Jas. B., and Morton, J., Exp. Med., 1915, xxii, 204, 800. 
phy, Jas. B., and Sturm, E., Exp. Med., 1919, xxix, 25,31. Murphy, Jas. B., 
and Nakahara, W., Exp. Med., 1920, 

D., Witherbee, D., and Murphy, Jas. B., Exp. Med., 1919, 
xxix, 53. Nakahara, W., Exp. Med., 1919, xxix, 83. Thomas, M., Taylor, 
D., and Witherbee, D., Exp. Med., 1919, xxix, 75. Nakahara, W., and 
Murphy, Jas. B., Exp. Med., 1920, xxxi, 13. 
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method found best the one which dose sufficient produce 
called x-ray erythema given, the dose not being repeated until 
this erythema has and second, that the called x-ray 
erythema, when studied histologically, consists, besides the dilation 
the blood vessels, etc., lymphoid infiltration the skin 
which, however, does not extend the subcutaneous deeper 
tissues. Hence, seemed not impossible that this important differ- 
ence might account for the discordant results the treatment 
cancers the skin and the deeper tissues. following experi- 
ments were planned test this point. 


EXPERIMENTAL. 


Intracutaneous Inoculation Days after Exposure X-Rays.—The 
region extending from the upper abdomen down and including 
both groins was shaved carefully healthy young mice. These 
animals were secured small board and the entire body was 
covered with sheet lead. opening mm. was cut the 
lead expose region the left groin extending the midline, 
and this area was then exposed x-rays the following dose: inch 
spark-gap, milliamperes, inch distance from target, and 
minutes exposure. About days later the skin showed mild ery- 
thema with some scaliness. this period small grafts young 
healthy tumor from the Bashford adenocarcinoma, No. series, 
were inoculated intracutaneously the center the x-rayed area 
and also the corresponding position the protected right groin. 
account the thinness the skin, considerable caution was neces- 
sary avoid thrusting the grafts through into the subcutaneous 
tissue, but occasionally this accidentally occurred. Weekly obser- 
vations and measurements were made. The results the individual 
experiments are shown Table and Text-figs. and 

Thus appears that there decided difference the number 
takes from cancer grafts inoculated into the skin area pre- 
viously exposed erythema dose x-rays, compared the 


Knox, R., Radiography, x-ray therapeutics, and radium therapy, New York, 
1916. 
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TABLE 
Experiment No. No. animals. Growth x-rayed area. Growth protected area. 
per cent per cent 
90.0 
94.4 
40.0 100.0 
44.5 100.0 


EXPERIMENT 
inoculation days after xrays 
Normal X-rayed 


© 


The growth cancer grafts inoculated intracutaneously 
area days after x-ray exposure, compared the growth similarly inoculated 
grafts untreated area the same animals. 


number when the grafts are inoculated the same manner into the 
same animal, but area protected from x-rays (Fig. 1). The 
next question arise was whether the difference can explained 
the mechanical interference with the blood supply the x-rayed 
area, from the induced changes the blood vessels. determine 
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this point number animals from this series were killed with ether 
and skinned. The skin was held before light, which means 
clear definition the vessels secured. ‘The vessels all instances 
were found distended and numerous around the grafts both 
areas, and whenever difference was noted was favor the 
x-rayed side. Moreover, another series animals was injected with 


EXPERIMENT 

o? 


India ink into the heart, whereby satisfactory injection the 
superficial vessels was obtained. essential difference the num- 
ber patent vessels the two sides was detected. 

return now the second possibility. the induced cellular 
reaction the skin accounts for results obtained the treatment 
human cancer, should expect difference the number takes 
and the rate growth the cancer grafts mice inoculated under 
the skin rather than into the skin x-rayed area. The following 
experiments were planned test this point. 
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Inoculation Days after Exposure X-Rays—A 
series mice was shaved the same manner those described 
the preceding experiments and area the left side the 
abdomen was exposed x-rays the same dose, the rest the 
body being completely protected. week later cancer graft was. 
inoculated into the x-rayed area, but just under the skin the 
loose connective tissue. Another graft was inoculated the same 
manner the opposite side each animal, the area protected 
from x-rays. The results are shown Table and Text-fig. 


TABLE 
Experiment No. No. animals. Growth x-rayed area. Growth protected area. 
\ per cent per cent 
89.5 84.2 
88.9 


EXPERIMENT 
Subcutaneous inoculation deys after 
e ¢ + 
+? 
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graphic representation the results subcutaneous inocula- 
tions cancer grafts into x-rayed areas compared with the subcutaneous 
inoculations into untreated areas. 
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From the foregoing data will seen that the cancer graft inocu- 
lated into x-rayed area, but under the skin instead into the skin, 
grows equally well does graft protected area inoculated 
the same manner. would seem, therefore, that whatever change 
induced x-rays which renders tissue unsuitable for the growth 
cancer confined the skin and does not extend even the loose 
connective tissue just below it. The histological changes induced 
the x-rays were next studied. 

Histological Examination Tissues Animals Inoculated Intra- 
cutaneously after Exposure X-Rays.—A series mice was shaved 
and treated with x-rays the same manner the foregoing experi- 
ments. Some these were killed the 3rd day and others the 
7th day after treatment. The remaining mice were inoculated 
intracutaneously with graft Bashford Tumor No. the center 
the x-rayed area and corresponding location the protected 
groin. These last animals were killed off groups for histological 
study hours, days, and days after inoculation. 

The histological examination showed that days after exposure 
the x-rays the skin was practically normal, while days after treat- 
ment marked accumulation lymphoid varieties cells was 
present, particularly the stratum papillare the corium the 
x-rayed area (Fig. 2), whereas the untreated area remained entirely 
normal (Fig. 3). 

The tumor grafts the specimens taken after inoculation were 
found lie the tela subcutanea, just beneath the stratum reticulare. 
the instances which the graft was not completely destroyed 
the x-rayed area, there was marked lymphoid reaction about 
(Fig. 4), striking contrast the practical absence reaction around 
the graft the normal area (Fig. the destruction the 
tumor graft was complete, the lymphoid infiltration the x-rayed 
area the skin was less marked. 

The next experiments were made ascertain the period maxi- 
mum effect the changes induced the skin x-rays. 

Exposure X-Rays Hours after Intracutaneous 
series mice was shaved over the abdomen and inoculated intra- 
cutaneously both groins the previous experiments. hours 
after the tumor inoculation the graft the left groin with area 
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around was exposed x-rays dose governed the following 
factors: spark-gap inches, milliamperes 10, distance from target 
inches, and time minutes, dose previously determined 
insufficient destroy the cancer cell. The animals were examined 
weekly and measurements made the tumors with the results shown 
Table III and Text-fig. 


TABLE 
Experiment No. No. animals. Growth x-rayed area. Growth protected area. 
per cent ber cent 
14.4 83.4 
15.0 85.0 
50.0 83.4 


control the above observations weeks old cancer from 
the same series that used for the preceding experiments was cut 
into small bits. These were then divided into two lots, each con- 
taining twenty-four pieces, and one lot was exposed dose 
x-rays the same amount that given the previous experiment 
the area skin the groin. The x-rayed particles tumor were 
then inoculated intracutaneously the left groin twenty-four mice 
and the same time one the untreated tumor particles was inocu- 
lated intracutaneously into the right groin each mouse. the 
end weeks eighteen the twenty-four untreated grafts had 


produced tumors and sixteen the twenty-four x-rayed grafts 


grown. There was appreciable difference either the time 
appearance the rate growth the tumors the two sides. 

Histological normal white mice were inoculated intra- 
cutaneously both right and left groins with the strain trans- 
plantable cancer used before. hours later x-rays, governed the 
same combination factors before, were given the left groin 
over the skin area which the cancer graft had The 
right groin was left untreated for comparison. The mice were killed 
groups two, immediately, after hours, hours, days, and 
days after x-ray exposure. 
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EXPERIMENT 
Intracutanecus inoculation 
hours after inoculation 
Normal Xrayed| Normal 
-? +2 - - - - 


Text-Fic. The result experiment which cancer was inoculated 
intracutaneously into each groin twenty mice and hours later dose x-rays. 
was given over the left groin include the cancer graft and the surrounding 
tissue. 


detectable histological difference was found the skin the 
two sides animals killed during the first three periods. The moder- 
ate cell infiltration about the graft the treated, well the 
untreated side, consisted chiefly polymorphonuclear leucocytes. 

Beginning with the day period extensive lymphoid infiltration 
the skin, especially about the graft the treated side, appeared, 
while the graft the untreated side was well established and attended 
moderate cell infiltration, which polymorphonuclear cells 
were taking the more prominent part. 
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the 7th day the tumor graft had disappeared the treated 
side, but intense lymphoid infiltration the skin was present. 
the untreated side growing tumor was found, accompanied 
some cell infiltration, although the adjacent skin showed only slight 
invasion. 


EXPERIMENT 
Intracutaneous inoculation hours after x-rays 


+ 


The growth cancer grafts inoculated intracutaneously 
area skin hours after the skin had been exposed x-ray treatment compared 
the fate similarly inoculated grafts untreated area the same animals. 


While this dose x-rays has been shown incapable destroy- 
ing tumor cells the objection this result confirmation 
our first experiments obvious, the cancer cells the latter 
experiments were exposed the direct action the x-rays. The 
following experiments were planned with the idea avoiding this 
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objection and yet availing ourselves the full time the effect 
produced the x-rays the skin. 

Intracutaneous Inoculation Hours after Exposure X-Rays.— 
Mice were shaved over both groins and then given the same dose 
x-rays over the left groin that given the preceding experiments. 
hours later intracutaneous inoculations cancer grafts were made 
into the x-rayed area the left groin and the corresponding locality 
the right groin, the latter having received x-rays. The results 
weeks after these inoculations are given Table and Text-fig. 


TABLE IV. 
Experiment No. No. animals. Growth x-rayed area. Growth protected area. 
per cent per cent 
88.9 


will seen from these last two groups experiments that when 
the inoculation made either just before just after the administra- 
tion x-rays, the results are only slightly any better than when 
the cancer inoculation made when the reaction the skin its 
height. 


DISCUSSION AND CONCLUSIONS. 


shall not attempt discuss the complex question the amount 
x-rays required kill the cancer cell, for this has been dealt with 
extensively recent Certain facts stand out which 
cannot satisfactorily explained the direct action theory; namely, 
that man skin metastases are often easily influenced x-rays 
while the primary growth even metastases the subcutaneous 
tissue are resistant. have seen such case our clinic the 
Hospital The Rockefeller Institute, which numerous skin metas- 
tases disappeared under mild doses x-rays while metastases the 
superficial glands the neck and axilla showed retrogression even 
under doses. The amount x-rays delivered the cancer 
cells the latter instances was many times greater than that given 
the skin metastases. The experiments reported this paper 


For review recent literature see Wood, C., and Prime, F., Am. Med. 
Assn., 1920, 308. 
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offer plausible explanation this phenomenon. When the meta- 
stases primary growth the skin, the x-rays induce condition 
which renders unsuitable soil for survival the tumor but 
this change does not extend far beyond the skin layers the 
subcutaneous tissue. The x-rays bring about marked cellular 
reaction confined the skin layers. seems probable, therefore, 
that the explanation the x-ray action rendering area unsuit- 
able for cancer growth the local cellular reaction induced this 
tissue. Thus this effect brought into harmony with the observa- 
tions already published the relation lymphoid cell reaction 
and resistance tumor growth. Certain studies recently published 
Ewing’ the effect radium the treatment human cancers 
indicate that similar mechanism plays part the beneficial effects 
obtained this mode treatment. 

Another explanation which has been proposed many observers 
that the good effect x-rays depends the induced blood vessel 
changes with resultant deficiency nutrition the tumor cells. 
Our experiments covering this point showed that stage the 
erythema later during the retrogression the tumor could any 
evidence obstruction the local blood supply detected. 
the light the previous experiments the relation the lymphoid 
reaction cancer immunity and the present experiments the 
lymphoid cell reaction induced x-rays and the failure the growth 
tumors such areas, this central fact must taken into consider- 
ation accounting for the therapeutic action x-rays cancer. 
this connection desire state that not regard the results 
obtained the treatment testicular sarcoma and certain lymphoid 
tumors covered this explanation, for like their parent tissues 
the cells these respective tumors are particularly sensitive the 
direct action x-rays. 

There remain considered the occasional beneficial results 
obtained with x-rays metastatic cancer lymph glands. This 
question not simple one. For example, regions draining 
area affected cancer, the lymph glands often become more numer- 
ous and much larger than normal. Such glands are often regarded 


Ewing, J., Am. Med. Assn., 1917, 1238. 
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metastatic, and yet pathologists who have examined the extirpated 
glands often fail find cancer cells. These hypertrophic glands 
would, course, melt away under x-rays. There another series 
events which may also give false impression retrogression 
cancer metastases under x-rays. have seen such instance 
the case large gland the neck patient suffering from cancer 
the breast. The nodule was exposed vigorous x-rays and 
promptly retrogressed point where was just palpable. The 
small nodule was removed operation this period with another 
involved gland which had not been subjected the x-rays. the 
latter, untreated gland, there was small metastasis with fairly 
abundant supply lymphoid tissue, the two making fair sized 
nodule, while the treated gland the metastasis was found 
made healthy tumor cells showing evidence deleterious 
effects from the x-rays. believe that this case the apparent 
retrogression the nodule was due simply the destruction the 
lymphoid elements the gland with effect whatever the cancer 
cells. Finally, examples are known definite retrogression 
metastatic nodules the superficial glands resulting from x-ray 
treatment which the above explanations not apply. Whether 
these are explained occasional reaction induced the 
deep tissues x-rays, whether they represent occasional examples 
tumor tissue hypersensitive x-rays, future studies will have 
determine. view, however, the doubt surrounding the opinion 
that cancers are more sensitive x-rays than normal 
tissue, wish question the advisability the present tendency 
increase greatly the dose x-rays. make this point since 
our previous studies have shown that possible mice break 
down the general mechanism resistance against cancer over- 
whelming doses x-rays.® 


SUMMARY. 


Small areas the skin the groin mice were subjected 
erythema dose x-rays and week later cancer graft was inoculated 
intracutaneously into the area and the same time like graft was 


Murphy, Jas. B., and Taylor, D., Exp. Med., 1918, xxviii, 
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inoculated the same manner the opposite groin protected from 
x-rays. The graft the x-rayed area showed low percentage 
takes, while that the normal skin gave the usual high percentage. 
When the graft was introduced into the subcutaneous tissues grew 
equally well the x-rayed area the protected area. 

Histological examination shows the skin layers, few days after 
x-ray treatment, markedly infiltrated with round cells the 
lymphoid type. The reaction did not extend deeper than the skin 
layers. suggested that this local lymphoid reaction induced 
the x-rays controls the graft made into the skin, while its absence 
deeper tissues accounts for the growth the grafts more deeply 
implanted. 


PLATES. 


18. 


Fic. The result intracutaneous inoculation cancer grafts area 
previously exposed x-rays (left side) compared with the result similar inocu- 
lation untreated area (right side). 

19. 
Fic. X-rayed area the skin mouse days after the treatment. 
Fic. Untreated area the skin the same mouse. 

20. 


Fic. Cancer graft x-rayed area. 
Fic. Cancer graft untreated area. 
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(Murphy, Hussey. Nakahara, and Sturm: X-ray effects. VI.) 
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EFFECT INDUCED CELLULAR REACTION THE 
FATE CANCER GRAFTS.* 


JAMES MURPHY, M.D., RAYMOND HUSSEY, M.D., ERNEST STURM, 
AND WARO NAKAHARA, 


(From the Laboratories The Rockefeller Institute for Medical Research.) 
(Received for publication, October 15, 1920.) 


has been shown that the induction general lymphocytosis 
accompanied more less marked immunity and 
that local reaction lymphoid cells, induced the skin means 
x-rays, renders this tissue unsuitable locality for the growth 
The reaction about cancer graft inoculated into 
mouse previously injected with homologous living tissue has striking 
likeness local anaphylactic reaction, and followed more 
less complete destruction the tumor graft. Yet spite this 
constant association immunity and the cellular reaction, cancer 
investigators have been inclined look for other explanations the 
immunity this cellular reaction important 
factor and appears explain more less the immunity phenomena, 
should possible bring about local immunity cancer, 
inducing around reaction similar that which occurs 
generally immune animal. the local anaphylactic reaction has 


This investigation was carried out means funds from the Rutherford 
Donation. 

Jas. B., and Morton, J., Exp. Med., 1915, xxii, 800. Murphy, 
Jas. B., and Sturm, E., Exp. Med., 1919, xxix, 25, 31. Nakahara, W., and 
Murphy, Jas. B., Exp. Med., 1920, xxxi, 13. 

Murphy, Jas. B., Hussey, G., Nakahara, W., and Sturm, E., Exp. Med., 
1921, xxxiii, 299. 

review the literature see Woglom, Studies cancer and allied 
subjects. The study experimental cancer. review, New York, 1913. 
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similarities with the local effect observed about graft cancer- 
immune animals, have tested out the influence the former reac- 
tion cancer grafts. 


Foreign Protein Reaction Mice. 


The material most generally used produce homologous tissue 
immunity mice defibrinated mouse blood; the amount necessary 
induce satisfactory immunity about 0.2 cc. order parallel 
closely this procedure the same amount defibrinated rat blood 
has been used the foreign protein the following experiments. 

0.2 cc. defibrinated rat blood was injected into the loose con- 
nective tissues the backs mice, the first series which was killed 
hours later and the tissues prepared for and subjected histological 
examinatiom considerable degree lymphoid infiltration the 
region the injected blood (Fig. was present, similar that which 
occurs about injection defibrinated mouse 

days later another series the sensitized mice was given 
second small injection rat blood into the groin, and after another 
hours the animals were killed and the groin tissue was prepared 
for histological examination. This tissue showed marked infiltra- 
tion lymphocytes about the injected blood, reaction far more 
extensive than that occurring after single injection and equal 
that found about cancer graft immune animal (Fig. 2). 

Hence readily possible induce reaction foreign protein 
similar that accompanying the immunity reaction The 
following experiments were planned test the effect this reaction 
cancer grafts. 


Experiment 1.—A large normal rat was bled from the heart under aseptic pre- 
cautions and the blood was defibrinated. sixteen normal mice from the same 
strain and about the same age, eight were injected subcutaneously with 0.2 cc. 
the rat blood. days later weeks old Bashford adenocarcinoma was re- 
moved from mouse and cut into pieces approximately equal size. The frag- 
ments were placed container and thoroughly mixed with quantity freshly 
defibrinated rat blood. The tumor particles were then loaded into trocar, 
care being taken include drop the blood with each graft, and inoculated 
into eight mice formerly injected with rat blood and, the same manner, into 


Jas. B., and Nakahara, W., Exp. Med., 1920, xxxi, 
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eight normal control mice. Measurements the grafts were made weekly 
intervals. the end weeks, the eight animals which had been sensi- 
tized with rat blood and afterwards inoculated with mixture rat blood and 
the cancer, three only showed tumors, while all the control mice inoculated with 
mixture rat blood and the cancer showed tumors. 

Experiment preceding experiment was repeated with ten mice the 
sensitized series and ten the control. Among the former four tumors devel- 
oped, per cent takes, while among the latter nine tumors developed, 
per cent takes. 

Experiment mice were given injection 0.2 cc. defibrinated 
rat blood subcutaneously. days later ten these were inoculated with 
mixture rat blood and mouse cancer, and the other ten with mouse cancer 
alone. control series ten non-sensitized mice was also inoculated with mix- 
ture cancer and rat blood. The mice sensitized and inoculated with mixture 
rat blood and cancer showed four tumors, per cent takes, the mice sen- 
sitized and injected with cancer grafts alone showed ten tumors, 100 per cent 
takes, and the control, non-sensitized mice given cancer plus blood showed 
nine tumors, per cent takes. 

Experiment 4.—This experiment was repetition Experiment with ten 
mice each series. The mice sensitized with rat blood and then inoculated with 
mixture rat blood and mouse tumor showed five tumors, 
per cent, the mice sensitized with rat blood and inoculated with tumor 
alone showed ten tumors, susceptibility 100 per cent, and the normal mice 
inoculated with mixture rat blood and mouse tumor-showed ten tumors, 
susceptibility 100 per cent. 

Experiment experiment was again repeated with ten mice each 
The mice sensitized with rat blood and then inoculated with mixture 
rat blood and mouse cancer showed susceptibility per cent, while the 
animals sensitized and inoculated with cancer material alone were 100 per cent 
susceptible, was also the normal control series inoculated with mixture 
rat blood and cancer. 

Experiment was repetition the preceding experiments. The 
results showed per cent susceptibility ten animals sensitized with rat blood 
and later inoculated with mixture rat blood and mouse cancer, per cent 
susceptibility series nine mice sensitized and inoculated with the tumor 
tissue alone, and per cent susceptibility the control series ten normal 
control mice inoculated with the mixture rat blood and mouse cancer. 


The results obtained the foregoing experiments are presented 
Table and Text-fig. 
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TABLE 
Group A.* Group Group 

62.5 per cent immunity 0.0 per cent immunity 
mice). mice). 

60.0 per cent immunity 10.0 per cent immunity 
(10 mice). (10 mice). 

60.0 per cent immunity 0.0 per cent immunity 10.0 per cent immunity 
(10 mice). (10 mice). (10 mice). 

50.0 per cent immunity 0.0 per cent immunity 0.0 per cent immunity 
(10 mice). (10 mice). (10 mice). 

40.0 per cent immunity 0.0 per cent immunity 0.0 per cent immunity 
(10 mice). (10 mice). (10 mice). 

50.0 per cent immunity 23.0 per cent immunity 20.0 per cent immunity 
(10 mice). mice). (10 mice). 


Group was composed animals sensitized with 0.2 cc. rat blood and 
days later inoculated with mixture rat blood and mouse cancer. Group 
was made mice sensitized with 0.2 cc. rat blood and days later inocu- 
lated with mouse cancer alone. Group was made mice not sensitized but 
inoculated with mixture rat blood and mouse cancer. 


Histological Study the Fate the Cancer-Rat Blood Mixture 
Inoculated into Sensitized Animal. 


has been shown that the reaction which takes place about the 
immunizing injection mouse blood into mouse similar that 
about injection rat blood mouse. The reaction which 
takes place around cancer graft immunized mouse has been 
shown similar that which occurs around injected rat blood 
mouse previously sensitized rat blood. The following experi- 
ment was undertaken supply material for the histological study 
the fate cancer graft mixed with rat blood when inoculated 
into mouse previously sensitized rat blood. 

series mice was injected with 0.2 cc. rat blood and days 
later inoculated with mixture rat blood and mouse tumor. These 
mice were killed groups hour intervals the 7th day 
and histological studies made the grafts. hours after inoculation 
there was massive lymphoid and mild polymorphonuclear reaction 
about the graft The reaction was still marked the 
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blood and mouse cancer 


immune. 10.0% immune. 


one 


Experiment 
0.0%immune. 10.0% immune. 
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Experiment 
immune. 0.0% immune. 


+? 
+ 
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The rate growth mouse cancer inoculated mixture with 
rat blood into mice previously sensitized rat blood, compared the rate 
growth when the cancer alone inoculated into sensitized mice and the rate 
growth when the cancer and rat blood are inoculated into non-sensitized mice. 


2nd day, but the 3rd day had begun diminish and the graft 
was more less completely destroyed. After this period there was 
rapid subsidence the reaction. The reaction described above 
similar that seen around the cancer graft immunized animal. 


Sensitized rat rat blood.| Not 
Inoc. with mixture with mouse 
blood and mouse cancer 
60.0% immune. 
@ 
Weeks. 


320 CANCER GRAFTS. 


Desensitizing Effect Generalized Doses X-Rays. 


previously reported experiment was shown that mice ren- 
dered potentially immune the injection mouse blood could 
reduced susceptible state properly regulated exposure 
x-rays, administered between the time the immunizing dose and 
that the cancer has likewise been shown that 
x-rays administered certain periods after foreign protein injection 
desensitize animal such extent that anaphylactic shock 
results after second injection the These facts have led 
test the effect x-rays the immunity resulting from sensiti- 
zation mice with rat blood and the subsequent inoculation mouse 
cancer mixed with rat blood. 

Normal white mice were injected subcutaneously with 0.2 cc. 
defibrinated rat blood. These mice and another group mice which 
had not been sensitized were then given daily doses x-rays for 
days. The dose was governed the following factors: spark-gap 
inches, milliamperes 10, time minutes, and distance from target 
inches. days after the sensitizing injection these animals and 
several normal controls were inoculated with Bashford adeno- 
carcinoma mixed with defibrinated rat blood. The results from 
these experiments are given Table and Text-fig. 


TABLE II. 
Group A.* Group Group 
10.0 per cent immunity. 20.0 per cent immunity. 


Group comprises thirty-two mice sensitized rat blood, which were given 
eight exposures x-rays and were then inoculated with mixture rat blood 
and mouse tumor. Group was made ten mice not sensitized but given 
the same amount x-rays Group and then inoculated with cancer alone. 
Group was composed twenty normal animals inoculated with mixture 
rat blood and mouse cancer, which had received previous injection blood 
and x-rays. The total number mice used these experiments was 62. 


Murphy, Jas. B., and Taylor, D., Exp. Med., 1918, xxviii, 
Hussey, G., and Murphy, Jas. B., unpublished observation. 
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Experiment 
Sensitized. Normal. 


immune. 10.0% immune. immune. 


The effect generalized x-rays the immunity transplanted 
cancer resulting from local anaphylactic reaction. 


Effect the Foreign Protein Reaction X-Rays Administered Locally. 


The foregoing experiments show that mice develop enhanced 
refractory state the growth transplanted tumor they are first 
sensitized with rat blood and inoculated days later with mixture 
rat blood and mouse tumor. Histological examination made 
intervals after the tumor inoculation shows that there definite 
local reaction, made principally cells the lymphoid series, 
which takes place around the tumor cells. This reaction reaches its 
maximum about hours after inoculation and then gradually sub- 
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sides. seems reasonable the light previous observations 
that the cellular elements constituting the reaction play some active 
part the mechanism bringing about the refractory state. 

the assumption that the latter statement true, would seem 
follow that were possible destroy these cells and the 
same time not injure the tumor cells, the refractory state potentially 
present might inhibited some measure. Since has been shown 
that the x-rays moderate amounts have little any direct effect 
the viability the cells transplanted tumor when exposures 
are made directly the tumor,’ and since well known that the 
x-rays when properly regulated have selective destructive 
the lymphoid elements the body,® was thought possible 
through these means effect the purpose stated above. 

Normal mice were inoculated subcutaneously with 0.2 cc. defibri- 
nated rat blood and days later inoculated the groin with bit 
Bashford adenocarcinoma mixed with defibrinated rat blood. 
hours after the inoculation the mice were covered with sheet 
lead which aperture had been made large enough allow the 
rays affect the area around the graft. This area was then exposed 
the x-rays the following dose: spark-gap inches, milliamperes 
time minutes and seconds, distance from target inches, 
filtered through mm. aluminum. For controls the above 
experiment, normal mice were inoculated with bits the same tumor 
and were exposed the same amount x-rays, and other normal 
mice were inoculated with tumor and rat blood without previous 
sensitization after-treatment with x-rays. The results are shown 
Table III and Text-fig. 


TABLE 
Group A.* Group Group 
30.0 per cent immunity. 20.0 per cent immunity. 


Group was made thirty-one mice, sensitized rat blood, which were 


E., Morton, J., and Witherbee, D., Exp. Med., 1919, xxix, 89. 
Heineke, H., Mitt. Grenzgeb. Med. Chir., xiv, 21. 
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inoculated after days with mixture rat blood and mouse cancer; hours 
later they were given local dose x-rays. Group was composed normal 
mice inoculated with mouse cancer and hours later given local dose x-rays. 
Group consisted twenty normal mice inoculated with mixture mouse 
tumor and rat blood. 


Experiment 10. 


Normal. Normal. 
Tumor and blood inoc. Tumor inoc. Tumor and blood inoc. 


+ 


The effect x-rays the immunity transplanted cancer 
resulting from local anaphylactic reaction when the x-rays are administered 
locally over the cancer graft hours after inoculation. 


Histological normal white mice were inoculated 
with 0.2 cc. rat blood, and days later inoculated with rat blood 
plus fragment Bashford Adenocarcinoma No. 63. hours 
after the second inoculation dose x-rays was given locally over 
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the area the cancer implantation. Two the mice were killed 
just before the x-rays were given, and two others immediately after- 
wards. Eight mice were killed, groups two, hours, and 
and days after x-ray treatment. 

hours after the second inoculation extensive cell infiltration 
was found the area the subcutaneous tissue where the mixture 
heterologous blood and homologous cancer tissue had been inocu- 
lated (Fig. 5). The cells participating the reaction were chiefly 
the lymphoid variety, the polymorphonuclear cells being less 
numerous. 

the specimens taken immediately after the x-rays were given 
there was striking reduction these cells (Fig. the area which 
had been thickly infiltrated immediately before the x-ray treatment. 
How this reduction the cells brought about matter con- 
jecture, but should mentioned that necrotic cells were found 
the x-rayed area. hours after the x-ray treatment and later 
the cell infiltration was gradually restored, although did not become 
extensive was before. 

The temporary suppression the lymphoid reaction effected 
the local dose x-rays seems indicate that the removal these 
cells one the factors which plays part allowing the graft 
grow the sensitized animal. 

From the two foregoing groups experiments the conclusion 
drawn that possible overcome, certain extent, the im- 
munity cancer resulting from local anaphylactic reaction, two 
ways. either case consider that the effect follows the prevention 
the local cellular infiltration from taking place from becoming 
effective. the first these two experiments animals were desen- 
sitized that the second injection foreign protein did not call 
forth the local cellular reaction. the second experiment the 
lymphocytes taking part the local reaction were destroyed x-rays 
before they had time materially affect the cancer graft. 


DISCUSSION. 


The foregoing experiments offer further evidence the hypothesis 
that the called immunity the transplanted cancers mice 
depends local cellular reaction which cells the lymphoid 
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type play the principal part. The usual method producing this 
immunity through the injection quantity living homologous 
tissue, which leads non-specific immunity, which turn 
directed against great variety cancers and sarcomas, well 
against transplanted normal tissue. has been suggested that this 
immunity phenomenon analogous the called anaphylactic 
reaction, but the exact nature the relation had never been demon- 
strated. The experiments reported here indicate that this relation 
quite close. The first injection prepares sensitizes, and the 
second injection the cancer cells calls out cellular exudate such 
observed local anaphylactic reactions. Why living cells are 
necessary for the sensitizing dose not evident, unless requires 
living cells sensitize living cells. The fact unmistakable, 
from the experiments here, that the condition local ana- 
phylaxis renders the tissues affected unsuitable for the growth 
cancer graft, and the histological changes which arise correspond with 
those seen about cancer graft animal immunized previous 
injection homologous tissue. That the cellular exudate the 
essential inhibiting agent indicated the fact that when this 
exudate prevented from arising arrested, the protective effect 
either annulled materially reduced. still uncertain whether 
the desensitization induced x-ray exposure results such general 
destruction the lymphocytes that the number left insufficient 
yield the local reaction, whether depends some other 
factor. Reasoning from the observed fact that x-rays are capable 
actual desensitization even the extent preventing anaphylactic 
shock from second injection foreign protein, one may well con- 
sider whether the failure immunity under these conditions does 
not arise from the inability the desensitized animals call out 
the usual cellular exudate. Inasmuch the local destruction the 
cellular exudate sufficient annul reduce the immunity, 
unlikely that the nature serum-carried resistance, for the 
amount x-rays needed for this purpose small and its area 
application limited that could hardly produce general effect. 
brief, there seems other explanation for the results recorded 
than that cells the lymphoid type are capable preventing the 
growth transplanted cancer locally sufficient 
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numbers. Hence, conclude that these cells are active agent 
bringing about the called immunity condition transplanted 
cancer. 

SUMMARY. 


Mice sensitized injection 0.2 cc. rat blood and days 
later inoculated with mixture rat blood and transplantable 
mouse cancer showed high degree immunity the cancer growth, 
while mice sensitized the same manner and inoculated with cancer 
graft with rat blood showed immunity. Likewise, non-sensi- 
tized mice inoculated with mixture rat blood and cancer cells 
showed immunity. 

Mice sensitized rat blood and then given series doses 
x-rays between the time this injection and the inoculation the 
cancer-rat blood mixture showed suppression the factors affording 
protection immunity, since the cancers grew well these animals 
the controls. 

Mice were sensitized with rat blood and days later inoculated 
with cancer-rat blood mixture. hours after the inoculation 
when the cellular exudation was its height, the cells were destroyed 
local dose x-rays. The degree immunity was reduced and 
the cancers grew almost well the controls. 


EXPLANATION PLATES. 
21. 


Fic. Subcutaneous tissue mouse inoculated with rat blood, hours 
after the inoculation. 

Fic. Subcutaneous tissue mouse inoculated with rat blood, hours 
after second inoculation rat blood. 


PLATE 22. 


Fic. Subcutaneous tissue mouse sensitized rat blood, hours after 
inoculation with rat blood mixed with mouse tumor. 
Fic. The same Fig. but higher magnification. 


PLATE 23. 


Fic. Subcutaneous tissue sensitized mouse, hours after inocula- 
tion cancer-rat blood mixture, showing extensive cell infiltration. 

Fic. Subcutaneous tissue mouse which was sensitized with rat blood, 
then inoculated with mouse cancer-rat blood mixture, and hours later given 
local dose x-rays. The tissue was removed immediately after the treatment. 
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(Murphy, Hussey, Sturm, and Nakahara: Cancer grafts. IV.) 
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Sturm, and Nakahara: Cancer grafts. IV.) 
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(Murphy Hussey, Sturm, and Nakahara: Cancer grafts. IV.) 
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THE LYMPHOCYTE NATURAL AND INDUCED RESIS- 
TANCE TRANSPLANTED CANCER. 


VI. COMPARISON THE TISSUE 
NATURALLY IMMUNE AND SUSCEPTIBLE MICE.* 


WARO NAKAHARA, anp JAMES MURPHY, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 
26. 

(Received for publication, October 22, 1920.) 


has long been known that number normal white mice are 
inoculated with fragments transplantable mouse cancer, certain 
them will, rule, prove naturally refractory. The striking 
histological difference the reaction about cancer grafts naturally 
resistant and susceptible animals too well known discussed. 
Murphy and Morton! showed that this resistant state accompanied 
marked lymphocytosis the blood, absent the susceptible 
animals, and also that treatment normal animals with x-rays 
destructive lymphocytes removes the same time the immunity 
otherwise present. Hence, the conclusion drawn that the lympho- 
cyte factor the state natural immunity. 

Histological paralleling our observations the circu- 
lating indicate that the lymphoid tissue the basis 
the immunity transplanted cancer induced intense dry heat, 


This investigation was carried out means funds from the Rutherford 
Donation. 

Murphy, Jas. B., and Morton, J., Exp. Med., 1915, xxii, 204. 

Nakahara, W., Exp. Med., 1919, xxix, 17. 

Nakahara, W., Exp. Med., 1919, xxix, 83. 

Nakahara, W., and Murphy, Jas. B., Exp. Med., 1920, xxxi, 13. 

Murphy, Jas. B., and Nakahara, W., Exp. Med., 1920, xxxi, 

Murphy, Jas. B., and Sturm, E., Exp. Med., 1919, xxix, 

M., Taylor, D., and Witherbee, D., Exp. Med., 1919, 
xxix, 75. 
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and that induced small doses low penetrating x-rays and 
the injection homologous living cells. Hence, would appear 
that histological comparison lymphoid organs naturally immune 
and naturally susceptible mice transplanted cancer might give 
enlightening results, and was with this end view that the present 
study was undertaken. 


Material and Method. 


Preliminary experiments indicated that more less definite histo- 
logical changes take place lymphoid organs, especially the spleen, 
soon after cancer inoculation. changes are not extensive, but 
are, nevertheless, characteristic nature; hence not difficult 
determine the end the 3rd week the experiment whether 
given spleen comes from immune susceptible mouse.. There- 
fore, studied the lymphoid organs young white adult mice 
inoculated with given strain tumor (Bashford Adenocarcinoma 
No. 63) and killed weeks later. The tissues were fixed Carnoy’s 
6-3-1 and stained with eosin-methylene blue, Ehrlich’s hematoxylin 
and eosin, Heidenhain’s iron-hematoxylin. The material con- 
sisted the spleen and lymph nodes from 105 mice, which 
came from mice immune the inoculated cancer, and the remaining 
from animals with tumors. 


OBSERVATIONS. 


The results histological examination the lymphoid organs 
the naturally immune and susceptible mice are brought out Tables 
and will noted that the distinction between these two 
groups not clear-cut, but that complete series intergradations 
the changes exists. However, the two groups differ decidedly 
the general tendency the changes, brought out Table III. 
Descriptions the nature the typical changes lymphoid organs 
immune, contrasted with those susceptible mice, are given 
below. 
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Spleen. 


Immune general histological appearance typically 
immune spleen quite characteristic (Fig. 1). The Malpighian 
bodies are enlarged and show practically pycnotic cells. Phago- 
cytic cells containing cell fragments found the germ centers are 
few, while mitotic figures present these areas are striking number 
(Fig. superabundance mitotic figures may taken 
indicate hyperactivity tissue proliferation. typical examples 
the splenic pulp contains large quantity lymphoid tissue which 
especially abundant around the vessels. lymphoid tissue the 
pulp contains considerable number mitotic figures, which occur 
only sparingly normal splenic pulp. Comparatively few degen- 
erating cells with pycnotic fragmental nuclei are found. The 
pulp space contains very amount blood, and the deposits 
pigment are inconspicuous. 

Susceptible spleen typicaliy susceptible animal 
presents different histological picture (Fig. 3). The Malpighian 
bodies are small and contain very few mitotic figures, while the 
phagocytic cells with ingested cell fragments are abundant. few 
necrotic cells may found the peripheral portion the Malpighian 
body. The lymphoid tissue the splenic pulp very small 
amount, and certain vessels may entirely devoid this type 
tissue. Some the small perivascular accumulations lymphoid 
cells are partly pycnotic. The deposits pigment are pronounced 
(Fig. 4), and there large quantity the blood which fills the 
spaces unoccupied lymphoid tissue. 


Lymph Nodes. 


Immune Mice.—Mesenteric, inguinal, and often also cervical and 
axillary lymph nodes were studied. The changes these nodes are 
entirely parallel those found the spleen, they are not 
striking. typical examples immune mice the lymphoid tissue, 
the cortex well the medulla, contains many mitotic figures, 
while there are scarcely any necrotic cells. The pulp spaces are 
clouded large number lymphocytes (Fig. 5), while other types 
cells, such those the endothelial group, are not much 
evidence. 
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Susceptible the condition lymph nodes 
immune animals, the lymphoid tissue various nodes typically 
susceptible animals shows striking inhibition proliferative activity. 
This may judged from the scarcity mitotic figures the tissue. 
Some the cells the lymph cords are necrotic. Only few lym- 
phocytes are found the pulp spaces, the latter being occupied 
great extent proliferating endothelial cells (Fig. 6). 

addition the more typical changes already described, was 
noted several instances that plasma cells appeared large number 
the lymph cords. fact, such cases, portions the cords 
were almost entirely made these cells. This change, however, 
did not appear related the immunity susceptibility 
the animals, occurred irregularly. may also mentioned 
that few susceptible animals showed considerable number 
polymorphonuclear leucocytes the lymph cords and even the 
cortex, and mast cells the peripheral sinuses. 

The descriptions above refer the extreme types. might 
expected, almost every gradation encountered between the extremes, 
for well known that various degrees immunity the 
highly resistant animals the tumor grafts are quickly destroyed, 
while others only after period growth the cancer overcome. 
The highly susceptible animals offer little inhibitory effect, and 
the grafted tumor grows rate limited only its growth energy 
and the ability the host supply stroma, while the less, susceptible 
animals show evidences definite retarding effect the rate 
growth the graft. 

order show the degrees and variations the points differ- 
ence between the histological appearance the lymphoid tissue 
the susceptible and the resistant animals, have presented 

and the results the study the individual mice. For 
the spleen have included the following points: the relative size 
the nodules, (b) the amount lymphoid tissue the pulp, (c) 
the number mitotic figures present, (d) the amount necrosis 
the cells, and (e) the amount blood and pigment present. For 
the lymph nodes have indicated (a) the number mitotic figures, 
(b) the degree necrosis, and (c) the number lymphocytes and 
endothelial cells present the pulp. The material from the indi- 
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vidual animals was studied and the records were made without any 


knowledge whether the tissues came from susceptible immune 


mouse. 


TABLE 


Immune Mice. 


Lymph nodes. 


Spleen. 


*saoeds 


*saoeds 


* 


*In the tables indicates increase above the normal; approximately 


normal; decrease below the normal. 


Immune Mouse 
No. 
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TABLE 


Lymph nodes. 


-UIA] UT 


Susceptible 
Mouse No. 


Spleen. 
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TABLE 


Percentage Immune Mice and Susceptible Mice. 


Organ. 


Points difference. 


Spleen. 


Lymph nodes. 


Size nodules. 


Lymphoid tissue pulp. 


Mitosis lymphoid tissue. 


Necrosis lymphoid tissue. 


Blood. 


Pigment. 


Mitosis lymphoid tissue. 


Necrosis lymphoid tissue. 


Lymphocytes pulp spaces. 


Endothelial cells pulp 
spaces. 


Immune mice. 


ber cent 


Susceptible 
mice. 


ber cent 
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Table III summary given the percentage the animals 
the susceptible and resistant groups showing the various histological 
changes indicated above. 


DISCUSSION. 


The point emphasized the present study the difference 
the nature the changes the lymphoid organs immune and 
susceptible mice. immune mice there are more less marked 
indications lymphoid hyperplasia, whereas lymphoid depletion 
varying degree tends arise susceptible mice. The former 
condition resembles greatly the histological picture which has been 
described animals which artificial lymphoid stimulation has been 
The extreme cases the latter susceptible type 
conform general nature with the condition induced large dose 
although the cellular destruction far less extensive. The 
effect more like that seen after long exposure x-rays low 
These findings are entire agreement with the results 
previous experiments which the importance the part played 
lymphocytes artificial resistance transplanted cancer mice 
was pointed They harmonize also with the observations 
Mottram and who have shown that the spleens rats resistant 
the Jensen rat sarcoma tend show higher lymphocytic content 

than the spleens normal animals. 


SUMMARY. 


The lymphoid organs mice show definite changes after cancer 
inoculation. mice there tendency towards lymphoid 
hyperplasia, while susceptible mice more less marked depletion 
the lymphoid tissue takes place. These changes are evident 
the end the 3rd week after cancer inoculation. 


Heineke, H., Mitt. Grenzgeb. Med. Chir., 1904-05, xiv, 21. 
Mottram, and Russ, S., Proc. Roy. Soc. London, Series xc, 
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EXPLANATION PLATES. 


Fic. General histological appearance the spleen mouse naturally 


immune transplanted tumor. low power view. 

Fic. Germ center the spleen immune mouse, showing numerous 
mitotic figures 


Fic. General histological appearance the spleen mouse susceptible 


transplanted tumor. low power view. 
Fic. Deposits pigment the spleen susceptible mouse. 


26. 


Fic. Lymph node naturally mouse, showing abundant lympho- 
cytes the pulp spaces and few mitotic figures the lymph cords 

Fic. Lymph node susceptible mouse, showing the proliferation endo- 
thelial cells the pulp spaces and pycnotic cells the lymph cords. 
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(Nakahara and Murphy: Resistance transplanted cancer. VI.) 
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GENERAL LEUCOCYTIC RESPONSE THE GUINEA PIG 
DURING THE REACTION ARTIFICIAL IMMUNITY 
EXPERIMENTAL TUBERCULOUS INFECTION. 


RAYMOND HUSSEY, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, November 1920.) 


Since the early studies immunity reactions has been known 
that definite response the circulating leucocytes associated with 
the process active immunity. The studies Zinsser and Tsen,! 
which elaborate Bordet’s criginal observation, furnish experimental 
evidence the fact. clinical medicine, also, known that 
general leucocytic response accompanies the reaction the body 
bacterial infection. This response characterized quantitative 
changes the actual number circulating leucocytes, the 
relative proportion the various types cells, both. 

Despite the fact that these observations are long standing and 
are generally accepted, little known the actual significance 
such changes. may stated, however, that for many infections 
the nature this phenomenon taken indicate the degree 
resistance possessed given individual. the other hand, there 
are some bacterial infections about which there controversy 
whether there characteristic leucocytic response. Hence, there 
doubt whether observations this phase the blood picture are 
value the experimental clinical study such infections. 
Among these, active tuberculous infections are prominent. The 
studies Murphy and his coworkers? this laboratory, and those 
Webb, Williams, and present evidence show that the 


Zinsser, H., and Tsen, E., Immunol., 1917, ii, 247. 

Murphy, Jas. B., and Ellis, M., Exp. Med., 1914, xx, 397. Taylor, 
D., and Murphy, Jas. B., Exp. Med., 1917, xxv, 609. Murphy, Jas. B., and 
Sturm, E., Exp. Med., 1919, xxix, 35. 

Webb, B., Williams, W., and Basinger, F., Tr. Nat. Tuberc. Assn., 
1910. vi, 279. 
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resistance animals experimental tuberculous infection enhanced 
when artificial lymphocytosis induced before and after the inocu- 
lation virulent tubercle bacilli. These studies support the obser- 
vation several who have noted human tuberculous 
disease that the circulating lymphocytes vary directly with the degree 
resistance the disease manifested given individual. 

previous communications from this laboratory, evidence 
presented show that lymphocytosis may dependent upon the 
activity germ centers lymphoid and this sense 
lymphoid activity may used corollary lymphocytosis. 
account the interest and importance these experimental and 
clinical observations and because the idea suggested them not 
generally accepted, has seemed worth while submit the subject 
further experiment. have accordingly made observations 
the circulating leucocytes guinea pigs which resistance virulent 
tubercle bacilli was raised previous inoculation relatively non- 
virulent tubercle assume that animals treated are 
possessed great potential resistance progressive tuberculous 
infection possible obtain present. 


Method. 


The method protecting the animals against virulent tuberculous 
infection that first carried out and subsequently 
elaborated Baldwin, Krause, and others. preliminary inocu- 
lation non-virulent tubercle bacilli, Saranac Strain R1, followed, 
after proper interval time, inoculation virulent tubercle 
bacilli, Saranac Strain controls some animals were inocu- 
lated with Strain H37 alone. Guinea pigs were used throughout 
the observations. 


4Ullom, T., and Craig, S., Am. Med. Sc., 1905, cxxx, 389. Webb, 
B., and Williams, W., Tr. Nat. Tuberc. Assn., 1909, L., 
and King, W., Am. Med. Sc., 1911, cxli, 852. M., and Strick- 
ler, A., Am. Med. Sc., 1911, cxlii, 691. Gutstein, M., Tuberk., 1916, xxvi, 
336. 

Nakahara, W., and Murphy, Jas. B., Rec., 1921 (in press). 

Trudeau, L., Assn. Am. Phys., 1903, xviii, 97. 
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Absolute and differential leucocyte counts were made twice weekly 
number normal guinea pigs over period amonth. These 
blood specimens, well all others referred to, were obtained 
from vessel the ear. For the absolute counts the blood was 
diluted usual with per cent acetic acid diluting pipette and 
then shaken. drop the diluted blood was placed the disk 
Tiirck hemocytometer, covered, and allowed stand long enough 
for the cells settle. Eight squares were always counted, and 
when the deviation any given square was ten greater less than 
the least number cells obtained for any square, another 
drop was counted. The diluting pipettes were roughly calibrated 
before beginning the observations making comparative counts. 
The same pipette was used for given animal for each successive 
observation. For counts blood films were prepared 
cover-slips, then stained with Wright’s stain. 300 cells were 
counted and the percentage each type determined from this number 
was applied the absolute count estimate the absolute differential 
count. 

During the period preliminary observation any animal showing 
erratic tendency the leucocyte count was discarded. The 
general living conditions were the same for all animals. Therefore, 
when the experiment was begun, conditions were standardized 
far controllable variables permit, and were maintained throughout 
the observations. 

number animals were inoculated subcutaneously into the 
left groin with 0.2 cc. suspension Strain tubercle bacilli 
prepared that stained film preparation showed not more than ten 
individual bacilli microscopic field. Blood counts were con- 
tinued the manner previously described. After about weeks 
these animals were inoculated with 0.1 cc. suspension the 
virulent strain, No. H37, and blood counts were continued. This 
suspension was standardized the same way the suspension, 
except that the number bacilli was not more than two 
microscopic field. 
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OBSERVATIONS. 


For normal guinea pigs weighing between 200 and 250 gm. the 
average absolute count was 5,247 leucocytes per cc. blood. Differ- 
ential counts showed per cent, 2,734 these cells, 
lymphocytes and 43.1 per cent, 2,261, amphophils (polymor- 
phonuclear cells). 

Following the inoculation Strain the reaction 
acterized gradual but definite increase the total leucocyte 


No.of weeks after No. weeks after 
” 123456 » ” ” H37 12.345 


Absolute count. 
Lymphocytes. 
Composite absolute and differential white cell counts all test 
animals plotted intervals week following inoculation and reinoculation. 

The percentage variation white cells following inoculation and 
reinoculation. The standard average 2,734 lymphocytes and 2,261 polymor- 
phonuclears zero. 
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counts (Text-figs. and 2). 


341 


the end weeks, just before the 


inoculation Strain H37, this increase was 80.5 per cent, representing 
increase lymphocytes 60.5 per cent, while the polymorpho- 
nuclear cells, though increased absolutely, constituted 34.6 per cent 
the white cells, relative decrease 8.5 per cent. 

The reaction the protected guinea pigs the virulent strain, No. 
H37, was characterized first slight fall the lymphocytes and 
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and Absolute and differential white cell counts two indi- 
viduals used the experiment, plotted weekly intervals before and after 


inoculation and reinoculation. 
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increase the polymorphonuclear cells. This was observed through- 
out the week, during which time the animals were obviously quite 
sick. Then there followed exaggerated increase the total 
leucocyte count, which reached peak during the 3rd week, which 
time the total percentage increase white cells amounted 198.5. 
During this period the lymphocytes increased point 306 per cent 
above their number the beginning the experiment, while the 
polymorphonuclear cells were 9.2 per cent below their normal relative 


Per cent 


15,000 300 
13,000 260 
9000 180 
140 
100 


No. weeks after H37 12345 


Absolute count. 
Lymphocytes. 
Polymorphonuclears. 


Composite absolute and differential white cell counts indi- 
viduals plotted weekly intervals following inoculation heavy suspen- 
sion virulent tubercle bacilli. 

The percentage variation white cells the counts plotted 
Text-fig. 


4 
2 
4 
4 


RAYMOND HUSSEY 343 


average, though numerically they showed some increase. After the 
peak the curve was reached, there was decided drop the absolute 
number white cells, particularly affecting the lymphoid cells. 
Text-figs. and show typical curves individual animals used 
the experiment. Text-fig. will noted that the normal count 
shows the polymorphonuclear cells greater number than the 
lymphocytes, exception occasionally observed. 

Blood counts the control guinea pigs inoculated with virulent 
tubercle bacilli alone showed definite increase the circulating 
leucocytes. The relation between the increase polymorphonuclear 
and lymphoid elements was erratic. Immediately following inocu- 
lation both types cells increased about the same numerical 
proportion. During the 2nd and 3rd weeks the lymphocytes showed 
greater increase; after this time there was progressive decrease 
lymphocytes with corresponding increase polymorphonuclear 
cells. 

Ten guinea pigs were inoculated with much heavier suspension 
Strain H37. The counts these animals are shown Text-figs. 
and They demonstrate distinct difference the reaction 
more massive inoculation virulent tubercle bacilli contrast 
the response the smaller dose. 


DISCUSSION. 


the observations recorded noted that evidence 
lymphoid activity varies directly with the resistance progressive 
tuberculous infection shown the animals used. Such facts support 
the views previously quoted regarding this parallelism. seems 
apparent, however, that one not justified attempting expla- 
nation this parallelism since little information available concern- 
ing the function lymphocytes. 


The general idea some such relation not new, since early 1883 Arloing® 
developed the notion during attempt bring experimental evidence bear 
the controversy that time between clinicians and pathologists concerning 
the tuberculous nature scrofula. This investigator and others who followed 
his lead believed that lymphoid cells possessed some specific property which was 


Arloing, S., sur tuberculose, Paris, 1892. 
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active the defensive mechanism against tubercle bacilli. These opinions were: 
based largely upon observations made the differences the reaction rabbits 
following the inoculation material from tuberculous lymphadenitis compared 
that from other tuberculous tissues. Most this work was done before 
was known that there are bovine and human strains tubercle bacilli, which 
probably accounted for the observations recorded. Renewed interest came later 
through the work Bartel and coworkers who claimed that, while working 
experimental tuberculous infection guinea pigs induced feeding tubercle 
bacilli, they observed lymph nodes which tubercle bacilli had lodged, with- 
out further evidence invasion, reaction characterized striking lymphoid 
Because the absence both the characteristic mononuclear 
phagocyte and the giant cell, they concluded that lymphocytes alone were capable 
destroying tubercle bacilli. Further experiments failed confirm their views. 
has been thought that specific substance might isolated from lymphoid 
tissue and used for artificial immunization, but the failure experiment sup- 
port any these ideas has led hesitancy the acceptance any lead the 
study resistance tuberculous infection which concerns lymphoid 
However, regard the fundamental idea the studies initiated this labora- 
tory concerning lymphoid activity tuberculous infection? totally different 
from any those just mentioned. The facts brought out these observations 
seem significant, and believe that they probable relation between 
lymphoid activity and resistance experimental tuberculous infection which 
deserves consideration the study the factors resistance active tubercu- 
lous infection man. 


may said that several investigators have recorded data which 
show that the nature the leucocytic reaction individuals ill 
with tuberculous infection its various forms analogous that 
recorded this paper. For example, generalized miliary tuber- 
culosis and tuberculous meningitis, which resistance lowest, 
since recovery always improbable, there notable deficiency 
lymphoid determined estimations circulating lym- 
phocytes. progressive pulmonary tuberculosis this also the 
case; the other hand, individuals showing ability control 
the disease, there increase the circulating lymphocytes. 
Although there general agreement among various workers that 
these statements are correct, the disagreement more extensive 
than that concerning the leucocytic reaction many other infections. 


Bartel, J., and Neumann, W., Centr. Bakt., Abt., Orig., 1905-06, xl, 518. 
Krause, K., Am. Rev. 1917-18, 717. 
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this connection seems interest direct attention certain 
probable reasons for the differences opinion; namely, confusion 
arising from observations made during different phases given 
illness associated with particular infection, e.g. the period typical 
manifestations the infection, that complications, and that 
convalescence; conclusions drawn from data which include too few 
observations different individuals; lack uniformity the 
method interpretation. points are illustrated the state- 
ment found most text-books concerning the leucocytic reaction 
general miliary tuberculosis, typhoid fever, and influenza. 
usually asserted that the leucocytic picture the three infections 
similar. However, careful analysis reports studies these 
infections leads quite different conclusion. summary the 
tables Warthin’s general miliary tuberculosis and 
Thayer’s studies typhoid fever follows: 


General Miliary Tuberculosis. 


(91.5 per cent) Absolute decrease. 1,123 (22.39 


(8.3 per cent) Absolute 


Typhoid Fever. 


The percentage estimations noted are made the basis standard 7,000 
leucocytes per mm. blood, with the percentage relation polymorphonuclear 
cells and lymphocytes and respectively. 


S., Med. News, 1896, 89. 
Thayer, S., Johns Hopkins Hosp. Rep., 1900, viii, 489. 
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Further, the recent widespread epidemic influenza has furnished 
opportunity gain much new information concerning the leu- 
cocyte picture found that infection. Practically all observers 
affirm leucopenia characteristic, but there difference opinion 
regarding the relative proportion the various cells. Some observers 
have noted the mononuclear elements especially 
while others pay particular attention polymorphonuclear ele- 
The reports which point the mononuclear elements are 
based observations made during the first days illness, while 
those which point the polymorphonuclear cells are concerned with 
later period the illness. view the now generally recognized 
fact that true influenza only short duration days) and that 
one deals principally with complications illness which continues 
beyond that period, suggested that the observations made during 
the early period should greater significance. The report 
Olitsky and experimental influenza lends support this 
view. While true that all three infections manifest leucopenia, 
there are striking differences demonstrated the degree and char- 
acter leucocyte changes. 

further emphasis the suggestion that more consideration 
should given the possible value lymphocytes the defensive 
mechanism against tubercle bacilli, attention called the constant 
presence these cells the local reaction product resulting from 
tissue injury tubercle bacilli. Among the numerous investigators 
who have studied the histogenesis the tubercle, there has been 
tendency the followers Baumgarten disregard the lymphocytes 
entirely, while those following Metschnikoff have regarded them 
progenitors the characteristic mononuclear phagocytes found 


the lesions. must stated, however, that all these workers 


concerned themselves principally with the controversy whether 
fixed wandering cells enter chiefly into the reaction. 

More recently, however, study experimental 
tuberculosis the liver rabbits, emphasized the part played 


Alder, A., Folia hematol., 1919-20, xxv, 16. 

Berger, W., Beitr. Klin. Infectionskrankh., 1919-20, viii, 303. 
P., and Gates, L., Exp. Med., 1921, xxxiii, 125. 
Wallgren, A., Arb. path. Inst. Helsingfors, 1911, iii, 139. 
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lymphocytes the reaction the tissues this organ tubercle 
bacilli, while von similar study the meninges, found 
little evidence participation lymphocytes the process. These 
observations are interest connection with the established fact 
that different tissues host vary their resistance parasitic 
invasion. has demonstrated the liver the rabbit 
relatively high degree natural resistance tubercle bacilli, and 
well known that the meninges are very susceptible these parasites. 
Whether not the success such local resistance may related 
combined activity the two types mononuclear cells found 
the product reaction can only conjectured this time. 
Further elaboration this point must delayed until methods 
experiment are available which will permit 
the meantime would seem more plausible assume that the pres- 
ence lymphocytes these reactions purposeful phenomenon, 
believed for other types cells various reaction products 
following tissue injuries. Particularly this true the light 
available information regarding the factors concerned the mechan- 
ism immunity tuberculous infection. There almost unity 
opinion that far humoral elements are concerned, the 
former are conspicuous while the latter are relatively inconspicuous. 


SUMMARY. 


Guinea pigs have been rendered relatively immune against infection 
with virulent tubercle bacilli preliminary inoculation with 
suitable quantity avirulent tubercle bacilli. Blood counts 
animals show that associated with the immune reaction there 
definite general leucocytic response characterized absolute 
increase the total count, with absolute and relative increase 
the lymphocytes. period greatest activity coincides with that 
known the period greatest reaction, based anatomical 
evidence during the course infection following this method 
immunization. Moreover, blood counts made animals inoculated 
with avirulent tubercle bacilli alone show increase the circulating 


von Fieandt, H., Arb. path. Inst. Helsingfors, 1911, iii, 235. 
Soper, B., Am. Rev. Tuberc., 1917-18, 385. 
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lymphocytes during the period greatest reaction the infection, 
while blood counts guinea pigs inoculated with virulent bacilli 
alone show erratic course which the polymorphonuclear forms 
are much increased, though not regularly so. 

These results indicate parallelism between lymphoid activity and 
resistance the animals tuberculous infection, and suggest 
association lymphocytes with the factors determining this resis- 
tance, relation which warrants consideration the blood picture 
the clinical study tuberculous infection. 
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INTRODUCTION. 


work with cultures from normal and pathological human lymph 
nodes cultivated either plasma from the individual from which the 
node was taken operation (autogenous plasma, autoplasma) 
that another individual (homogenous plasma, homoplasma), 
giant cells resembling markedly the giant cells tuberculous lymph 
nodes have been found. The explants were from nodes obtained 
operations the Johns Hopkins Hospital, the cultures being made 
the usual manner. 

Several types cells migrated out from the explants into the 
plasma clot onto the cover-glass; namely, lymphocytes, small 
wandering cells, large wandering cells, giant cells, spindle and tri- 
angular cells, and occasionally large lymphocytes, polymorphonuclear 
leucocytes, and eosinophils. account the migration the 
lymphocytes from this series cultures has recently 
The giant cells are described the present paper. They seemed 
formed, for the most part, within the explant and migrate out 
after their formation. They probably either arose from had the 
same origin the large wandering cells which appeared great 
numbers practically every culture. The giant cells and large 
wandering cells were identical structure and general appearance, 
except that the latter were smaller and contained only one two 


Lewis, H., and Webster, T., Migration lymphocytes plasma cul- 
tures human lymph nodes, Exp. Med., 1921, xxxiii, 261. 
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nuclei. The large wandering cells seem correspond the epithe- 
endothelioid cells familiar pathologists. There are 
least two possible modes which the giant cells might have arisen 
from the wandering cells. The first and probably most generally 
accepted view that the fusion few many large mono- 
nuclear wandering cells. Lambert has shown experimen- 
tally, the introduction lycopodium spores into cultures 
spleen, that wandering cells may gather about them and fuse into. 
large foreign body giant cells. has also shown that such large 
giant cells may form about other foreign bodies, such cotton 
threads, and even the cover-glass appears act foreign body. 
found, however, that the connective tissue from the heart 
chick embryo cultivated vitro did not form giant cells about lyco- 
podium spores. 

The second possibility origin for these giant cells that 
sion the nucleus without division the cytoplasm. There were 
signs mitosis, and although many indications amitosis the 
nucleus were seen both living and fixed cultures, were able 
observe only one clear case amitosis the nucleus without division 
the cytoplasm. 

The general structure the cells, the arrangement the 


nuclei about the central area, and the numerous instances partial 


cleavage nuclei indicate that these cells arise amitosis from 
large wandering cells. Since the giant cells form for the most part 
within the explant perhaps not altogether surprising that ami- 
tosis rarely observed. 


OBSERVATIONS. 


There were eight series from normal nodes, one series (No. 19) 
autoplasma and seven series (Nos. 19a, 19b, 19c, 10, 13, 15, and 16) 
homoplasma. There were cultures the series autoplasma, 
only one which was giant cell observed, and that the 4th 


A., The production foreign body giant cells vitro, Exp. 
Med., 1912, xv, 510. 

A., Variations the character growth tissue cultures, 
Anat. Rec., 1912, vi, 91. 
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and 6th days. the seven series homoplasma, giant cells 
were seen four (Nos. 19a, 19b, 10, and 15). Series 19c few 
giant cells were found the 3rd and 4th days. one the cul- 
tures Series single giant cell was observed the 3rd day and 
Series one was first observed the 6th day. 

Three series (Nos. 17, 21, and 22) from chronic lymphadenitis cul- 
tivated homoplasma each showed few giant cells several the 
cultures, one series (No. 17) from the 2nd 7th days, the sec- 
ond (No. 21) from the 3rd 11th days, and the other series (No. 
22) single giant cell was seen the 3rd day. From one series 
(No. chronic lymphadenitis cultivated autoplasma results 
were obtained. 

one series (No. from acute lymphadenitis autoplasma sev- 
eral giant cells were seen the 6th, 7th, and 8th days. Some 
them were probably present the preceding days but the observa- 
tions were not complete for the earlier period. 

The five series (Nos. 18, 14, and 12) from tuberculous nodes 
all showed giant cells some the cultures. Series explanted 
autoplasma, giant cell was seen early the day, and later 
some the cultures showed many giant cells. They continued 
evidence until the 9th day, when the observation was ended. The 
other series were cultivated homoplasma. Series none was 
observed the 1st day but there were many the 2nd and follow- 
ing days, and few were still present the 8th day, the last day 
observation. Series giant cells were observed from the 2nd 
11th days. Series only very few were seen from the 3rd 
12th days, and Series few were likewise seen from the 3rd 
8th days. Four series (Nos. 23, 23a, 24, and 24a) from caseous tuber- 
culous nodes autoplasma and homoplasma showed cell migration. 

Two series cultures (Nos. and from Hodgkin’s disease showed 
fair number giant cells. Series autoplasma, first showed 
giant cells the 2nd day; they were fairly numerous the 6th 
day, long observations continued. the other series (No. 6), 
homoplasma, two peculiar giant cells were seen hours after the 
cultures were made. Others were observed from the 2nd 7th days. 

One series (No. from chronic lymphatic leucemia and one (No. 
20) from myeloid leucemia gave results. one series (No. 
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from metastatic sarcomatous node autoplasma few giant cells 
were observed the 2nd and 4th days. Series 11, autoplasma, 
from metastatic melanotic sarcoma taken autopsy and Series 
homoplasma, from metastatic round cell sarcoma gave 
results. 

There were two series (Nos. and 26) from metastatic carcino- 
matous nodes homoplasma. cells were seen either 
series, both which were observed from few hours after explanta- 

sum the results the general observations the occurrence 
giant cells cultures from normal and pathological nodes, 
found that typical giant cells were occasionally seen cultures from 
normal nodes and from chronic and acute lymphadenitis. They 
were very abundant cultures from tuberculous nodes and fairly 
numerous cultures from Hodgkin’s disease. very few were 
found cultures from metastatic sarcomatous node but none from 
metastatic carcinomatous nodes. The other series were not success- 
ful enough warrant conclusions. 

All the giant cells were the same type, although they varied 
size, the number nuclei, etc. They usually appeared the 2nd 
3rd day the cultures after the lymphocytes and polymorpho- 
nuclears (if any were present) and wandering cells had migrated out 
large numbers into the plasma clot. The wandering cells did not, 
rule, move out into the clot until the lymphocytes and poly- 
morphonuclears were well under way. The wandering cells they 
migrated out from the explant into the plasma were usually loaded 
with bright, greenish, fat globules. Most the giant cells came out 
from the explant this form. 


Structure the Giant Cells. 


The giant cells, with their many nuclei and large accumulation 
fat globules, when contrasted with the more familiar cells (Figs. 
and 12), were striking objects the cultures, especially when 
they were the cover-glass over liquefied area. could 
observed much better the cover-glass than the plasma clot. 
Their movements were very slow and deliberate and there was 
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certain amount shifting about the cytoplasmic contents and 
the nuclei; they retained, however, their general internal topography. 
The giant cells were exactly similar structure the large mono- 
nuclear wandering cells (epithelioid cells), except that they were 
larger and contained two more nuclei. Each giant cell contained 
central area about which were arranged the nuclei embedded more 
less zone fat globules. Surrounding the zone fat were 
many short threads which projected among the 
peripheral fat globules and out into the clear ectoplasm. The whole 
endoplasmic mass was surrounded clear, more less homo- 
geneous ectoplasm. 

The various structures are seen best advantage when the giant 
cells are flattened out the cover-glass, shown Figs. and 
They are not always this form, however, for frequently they hang 
down from much smaller area attachment. such cells the 
endoplasmic part with the central area, fat zone, and nuclei may 
hang far below the cover-glass rounded elongated mass, sur- 
rounded the ectoplasm which spreads out more less the 
cover-glass. 

The cells that were flattened out the cover-slip exhibited 
peculiar condition resembling cell split half with the cut surface 
against the cover-glass but covered ectoplasm. When this 
condition the central area seemed come contact with the layer 
ectoplasm attached the cover-glass. The zone fat globules 
surrounded the rest the central area like half shell. The nuclei 
usually seemed most abundant horseshoe area embedded that 
part the fat zone near the cover-glass. many cells nuclei could 
not detected any other location, but some instances they 
were seen scattered more less throughout the fat zone (Fig. 
especially the thicker cells. 

Central Area.—The central area consisted finely granular mass 
within which could sometimes seen clearer homogeneous centro- 
sphere what appeared centrosphere. centrioles were 
observed either the living the fixed cells. the living cells 
the fine granules the central area had great affinity for neutral 
red and took the dye readily and intensely. fixed specimens 
this area stained deeply with eosin. The central area varied size 
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and under certain conditions occupied the greater part the endo- 
plasmic area. the older cultures neutral red granules were some- 
times scattered among the fat globules and were seen the 
ectoplasm. Since neutral red probably only taken the 
non-living cytoplasmic inclusions (Lewis, this central area must 
considered non-living. 

The origin this central area not altogether clear. There are 
several possibilities which must considered. All cells tissue cul- 
tures gradually accumulate granules which have great affinity for 
neutral red. The accumulation usually becomes more marked the 
older cultures the cells become more degenerate. These granules 
have decided tendency become massed about the centriole, usu- 
ally near one side one end the nucleus. They have been 
called degeneration granules (Lewis, are supposed 
represent accumulation waste products which the cells are 
unable get rid their abnormal environment, and come 
part perhaps from breaking down the cytoplasm. The central 
area the large wandering cells and the giant cells may repre- 
sent somewhat similar accumulation waste products. 

Another possibility presents itself. The large wandering cells are 
voracious phagocytes and are often crammed full dead lym- 
phocytes various stages digestion. The ingested lymphocytes 
tend accumulate what later becomes the central area, and 
digestion proceeds they are reduced granules various sizes. 
The giant cells likewise often contain few partially digested lym- 
phocytes (Fig. 27). the greater part this process ingestion and 
digestion lymphocytes seems take place within the explant, and 
since the majority cells that migrate out show only the granular 
debris which makes the central area, have not followed the 
process sufficient detail determine what extent the central 
area dependent upon such digestive waste products for its origin. 
seems probable, however, that such waste products are part 
responsible for the central area. 

These two possibilities are somewhat similar their nature, both 
being concerned with the waste products metabolism. Still another 


4Lewis, H., Degeneration granules and vacuoles the fibroblasts chick 
embryos cultivated vitro, Bull. Johns Hopkins Hosp., 1919, xxx, 81. 
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theory for the origin these granules suggests itself; namely, that 
foreign substances, which are not metabolized, enter the cells and are 
segregated into gradually enlarging central area. 

nuclei which lay around the periphery the central 
area exhibited peculiar and important arrangement. the large 
wandering cells the nucleus was usually one side this central 
area. the binucleate and trinucleate cells and giant cells with 
few nuclei, they tended always eccentric regards the central 
area (Figs. and 25). When there were several even 
many nuclei the same arrangement often prevailed, the nuclei 
only partially surrounded the central area, and gave somewhat 
horseshoe-like effect most the cells. 

This peculiar arrangement the nuclei easily explained through 
the assumption that the giant cells arise from the large wandering 
cells amitotic division the nuclei without division the cyto- 
plasm. The first division mononuclear cell would result 
binucleate cell with the two nuclei near together but eccentrically 
placed regards the central area (Figs. and 22). 
The two nuclei not always remain near together but may shift 
more less around the periphery the central area (Figs. 16, and 
26). subsequent divisions occur the nuclei gradually surround 
more and more the enlarging central area, but even the multinu- 
cleated giant cells there usually gap the circle nuclei (Figs. 

difficult understand how such arrangement the nuclei 
about the central area could have come about except nuclear 
division, unless the fusion wandering cells form the giant cells 
occurred before the formation central area. This is, course, 
possible, but since all the large wandering cells that migrate out from 
the explant possess similar central area, the fusion, does occur, 
must take place within the explant. 

endeavored observe nuclear division these cells after they 
had migrated out onto the cover-glass, but only one clear case was 
seen amitotic division the nucleus one the large wandering 
cells. ‘The nuclei often became indented more less, but sometimes 
straightened out again. the fixed specimens there were usually 
many nuclei which showed all stages amitosis both the mono- 
nuclear forms and the giant cells (Figs. 22). 
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The nuclei varied number from two more. Most 
the giant cells contained not more than twelve, and only few had 
more than twenty-five. The nuclei also varied somewhat size 
even the same cell, probably through unequal cleavage (Fig. 25). 
Sometimes they were half the usual size even less. the latter 
instances they probably arose bud-like processes. The cleavage 
furrow seems either arise the side the nucleus away from the. 
central area, deeper that side. 

have already noted that the large central area the large 
wandering cells and the giant cells indicates that they have had 
abundant food supply dead lymphocytes, and only natural 
that the great increase cytoplasmic bulk should accompanied 
corresponding increase nuclear material. important fac- 
tor, then, the formation these giant cells seems over- 
abundant food supply. They are apparently unable get rid the 
waste products digestion which accumulate the central area 
and about which the nuclei arrange themselves. 

Fat zone fat globules about the central area 
the most conspicuous feature the living giant cells and the large 
wandering cells. The globules are usually numerous and fairly 
uniform size. They vary slightly, however, different cells; 
some they seem uniformly smaller than others. fixed 
preparations, made with Zenker’s fluid without acetic acid, only 
traces the spaces which they formerly occupied are seen. 
There great difference between the appearance the living and 
the fixed specimens, may seen from the figures. The globules 
stain well after formaldehyde fixation with Scharlach the 
living cells the globules have peculiar greenish color. 

The zone fat globules varies considerably width different 
cells and few specimens was reduced small area the 
poles (Fig. 8). Sometimes the globules seem have radial arrange- 
ment with reference the central area. The circumference the 
zone remarkably uniform and even, although the globules are 


slightly scattered. 


The nuclei are usually embedded the inner part the zone 
where borders the central area. Mitochondria are scattered 
among the globules, especially toward the periphery the zone. 
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This large accumulation fat globules depends, think, upon the 
abundant supply food which the cells had while the explant. 
They are loaded with fat when they migrate out. The fat may 
looked upon one the by-products digestion the lym- 
phocytes that the giant cells have not been able use. may also 
part have been ingested such, and part have originated 
result the disordered metabolism the abnormal environment. 
seems utilized some the cells with still further enlargement 
the central area, shown Fig. 

Mitochondria.—The mitochondria were usually abundant the 
giant cells the form wavy curly threads. They seemed 
most numerous immediately about the zone fat globules. There 
were many between the globules and they extended out more 
less into the ectoplasm. distribution was similar that found 
the large wandering cells. They were best seen after the cultures 
had been washed with solution Janus green and when the cells 
were much flattened. was often difficult determine how abun- 
dant they were the fat zone. The mitochondria were sometimes 
remarkably curly; more rarely they appeared rods granules. 
The fact that they were usually long slender indicates that the 
cells were fairly good condition, degenerating cells chick 
embryo cultures the mitochondria become more less broken 
into rods and granules which later swell form small vesicles. 

Ectoplasm.—The ectoplasm consisted relatively thick, homo- 
geneous, clear layer and, when the cells were much flattened, formed 
broad thin zone (Fig. 29). already noted, the mitochondria 
seemed most abundant the part the ectoplasm immediately 
surrounding the zone fat globules. Occasionally, neutral red 
granules and few fat globules were seen the ectoplasm. fixed 
specimens was often noted that the surface adherent the cover- 
glass was studded with minute dots points. This appearance was 
such lead the belief that the giant cells were attached the 
cover-glass numerous very short processes, protuberances, 
and not uniform surface. most the giant cells that were 
spread out the cover-slip the ectoplasm appeared come directly 
contact with the central area the cover-glass side the cell, 
shown Fig. 
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SUMMARY. 


Giant cells resembling those found tuberculous nodes appeared 
cultures various normal and pathological human lymph nodes 
cultivated plasma. They migrated out from the explants from 
normal and tuberculous nodes, from nodes from acute and chronic 
lymphadenitis and Hodgkin’s disease, and from metastatic sarcoma. 
They were most abundant cultures from tuberculous nodes. The 
giant cells are similar structure the large wandering cells and 
probably arise from them. are uncertain, however, how the 
giant cells develop. There evidence fusion the large mono- 
nuclear wandering cells; the other hand, there some evidence 
that they arise amitosis the nuclei without division the 
cytoplasm, which increases bulk. 

They contain large central area more less granular char- 
acter which takes neutral red with great avidity. This central 
area probably consists dead material, the waste products metab- 
olism and digested foodstuffs such lymphocytes that the cells 
are unable get rid the abnormal environment, and perhaps 
also accumulated non-living foreign substances that have pene- 
trated into the cells and become segregated. 

The central area surrounded conspicuous zone fat globules 
which the nuclei are embedded. 

ever, there are not more than 20, and the cells that are flat- 
tened out the cover-slip they often have horseshoe-like arrange- 
ment about the equator the central area. 

Mitochondria are abundant and usually the form wavy 
curly threads. They seem most numerous the ectoplasm 
immediately about the fat zone. They also extend among the fat 
globules and out into the ectoplasm. 

distinct, clear, homogeneous ectoplasm envelops the cell. 
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EXPLANATION PLATES. 
27. 


Fic. Typical giant cell, spread out the cover-glass, from living day 
culture from acute lymphadenitis specimen autoplasma (Series 1). The 
central area, which took neutral red, surrounded zone fat globules 
which are embedded the nuclei. Mitochondrial threads are seen the clear 
ectoplasm. 

Fic. Idealized section giant cell lies against the cover-glass. 750. 

Fic. Large wandering cell from living day culture from Hodgkin’s node 
autoplasma (Series 5). The large central area with the nucleus probably just 
below it, the fat zone, ectoplasm, and mitochondria partly between fat globules 
and partly ectoplasm are shown. 750. 

Fic. Another large wandering cell from the same culture the 5th day. 
There are indications centrosphere the central area; the nucleus deeply 
indented. 750. 

Fic. Binucleate large wandering cell from living day culture from tuber- 
culous node homoplasma (Series 7). The small central area, broad fat zone 
with globules more less radially arranged, and the mitochondria the edge 
and partly the fat zone are shown. 750. 

Small giant cell from living day culture from Hodgkin’s node 
autoplasma (Series 5). Three nuclei, large central area, and fat globule zone 
surrounded mitochondria may seen. 750. 

Fic. Giant cell from living day culture from Hodgkin’s node auto- 
plasma (Series are four five nuclei, small central area, and broad 
fat globule zone with mitochondria about its periphery. 750. 

Fic. Small giant cell from living day culture from Hodgkin’s node 
autoplasma (Series 5). There are four nuclei, very large central area, only 
few fat globules the poles, and few mitochondrial rods and granules. 750. 

Fic. Small giant cell from living day culture from tuberculous node 
homoplasma (Series 7). There are three nuclei, small central area, narrow 
fat zone, and many long wavy mitochondria the ectoplasm. The edge the 
ectoplasm rolled up. 750. 

Fic. 10. Three lymphocytes from living day culture from tuberculous 
node autoplasma (Series for comparison with the size the other cells. 
Neutral red granules are present. 750. 


PLATE 28. 


Fic. 11. Giant cells, wandering cells, and lymphocytes the cover-glass over 
the liquefied area, from fixed and stained day culture from tuberculous node 
autoplasma (Series 9). 100. 

Fics. 14. Three areas from Fig. 11. 

Fic. 12. Very large giant cell with many nuclei surrounding elongated cen- 
tral area. few small giant cells and wandering cells may also 375. 
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PLATE 29, 


Fic. 13. Giant cells, wandering cells, and lymphocytes. 375. 
Fic. 14. Larger giant cells. Elongated migrating lymphocytes are seen 
the large giant cell the right. 375. 


30. 


Fics. 19. Five cells from the same region the fixed culture shown 
Fig. 11, illustrating the arrangement nuclei they increase number, prob- 
ably amitosis. 750. 

Fics. 26. Seven large wandering cells the cover-glass, from fixed 
day culture from metastatic sarcomatous node autoplasma (Series 8). 
Various stages amitosis are shown. The ectoplasm shows shrinkage. 750. 

Fic. 27. Giant cell the cover-glass, from fixed day culture from tuber- 
culous node homoplasma (Series 18). few incompletely digested lympho- 
cytes may seen the central area; the nuclei only partially surround the 
latter; short mitochondria. 750. 

Fic. 28. Giant cell the cover-glass, from fixed day culture from tuber- 
culous node autoplasma (Series 9). The central area shows few partially 
digested lymphocytes; the nuclei are more scattered than usual. 250. 


31. 


Fic. 29. Giant cell very much flattened the cover-glass, from fixed day 
culture from tuberculous node homoplasma Two partially digested 


lymphocytes may seen. The ectoplasm very thin, showing several holes. 
750. 
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EXPERIMENTAL STUDIES THE 
SECRETIONS FROM INFLUENZA PATIENTS. 


II. FILTERABILITY AND RESISTANCE GLYCEROL. 


PETER OLITSKY, M.D., FREDERICK GATES, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, December 13, 1920.) 


our first described the particular effects 
induced rabbits the nasopharyngeal secretions from cases 
uncomplicated influenza. now propose define more exactly 
the nature the peculiar active substance responsible for these 
effects and distinguish from bacteria the ordinary species. 

Before presenting what are regarded the decisive experiments, 
all which were made rabbits and guinea pigs, desire put 
briefly record series tests carried out monkeys, Macacus 
rhesus, chiefly, which the nasopharyngeal secretions from cases 
uncomplicated influenza, collected from hours after the 
onset the symptoms, were filtered through Berkefeld can- 
dles and injected intratracheally subconjunctivally, both 
routes, into these some instances the material was 
injected came from the filter. Occasionally was concentrated 
low temperature vacuo according the method Amoss and 

All these experiments resulted negatively that effects were 
observed which were not also obtained from similarly treated secre- 
tions from persons believed not have suffered from influenza. 
Hence the work Nicolle and Gibson, Bowman, and 


Olitsky, K., and Gates, Exp. Med., 1921, xxxiii, 125. 

All operations were performed under light ether anesthesia. 

L., and Taylor, E., Exp. Med., 1917, xxv, 507. 

Nicolle, C., and Lebailly, C., Compt. rend. Acad., 1918, clxvii, 607. 
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and Bradford, Bashford, and was not confirmed 
these experiments. But since many the monkeys employed 
any effect produced the intratracheal injections might have been 
masked the presence lesions pulmonary tuberculosis, these 
experiments are not regarded conclusive. the meantime the 

work with rabbits was proceeding promising manner and hence 
the latter animal was chosen for the new series experiments. 

These experiments extended our observations follows: (1) 
condition similar that found rabbits injected with the unfiltered 
nasopharyngeal secretions was obtained employing filtrates the 
lung tissue such affected animals. (2) Filtrates the naso- 
pharyngeal washings from early cases epidemic influenza also 
induced similar effects rabbits. (3) When guinea pigs were used 
instead rabbits, they showed clinical and pathological effects indis- 
tinguishable from those already observed. (4) The peculiar sub- 
stance inducing these effects, when submitted the action per 
cent glycerol, maintained its activity without alteration its effects. 


Lung Tissue from Affected Rabbits. 


was thought advisable employ first, for filtration experi- 
ments, material possibly more active than the patient’s nasopharyn- 
geal secretions. The active substance was therefore carried through 
several rabbit passages without filtration the following manner. 
The nasopharyngeal washings from Case 17, described the first 
had been collected hours after the onset 
uncomplicated influenza and injected intratracheally rabbits. 
judged the occurrence typical effects the blood and 
the lungs, the active material was then transmitted through two suc- 
cessive rabbits means the unfiltered lung tissue each previous 
animal. The lung tissue the last rabbit, obtained the height 
the reaction, was ground with sand sterile saline solution and 
filtered. 


Gibson, G., Bowman, B., and Connor, I., Brit. Med. J., 1919, 331. 
Bradford, R., Bashford, F., and Wilson, A., Brit. Med. J., 1919, 127. 
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Protocol lung tissue the rabbit corresponding the third passage 
this series was ground with sterile sand saline solution! and the suspension 
centrifuged fluid was removed and filtered through 
tested Berkefeld candle, size 0.5 cc. the filtrate gave growth blood 
agar plates. 

Apr. 17,1919. 3.5 cc. the filtrate were introduced intratracheally 
whose total leucocytes were 17,500, which 9,625 were mononuclears. Apr. 18. 
Total leucocytes 10,360, which 3,936 were mononuclears. The animal had lost 
100 gm. weight; the temperature was unchanged (39.1°C.); conjunctivitis ap- 
peared. Apr. 19. Leucocyte count unchanged; temperature 40.1°C. Killed. 
All the organs except the lungs were normal appearance. The lungs were 
voluminous, edematous, and emphysematous, and the lower lobes diffuse hem- 
orrhages were noted, the upper lobes small discrete hemorrhages, especially 
underneath the pleura, which was apparently unaffected. section, blood- 
stained frothy fluid escaped and the hemorrhages were observed occupy the 
depth the tissues. The trachea, especially the lower third, showed conges- 
tion and small hemorrhages and was covered with mucus. 

The microscopic examination (Figs. and confirmed the gross appearance. 
There were generalized extravasations erythrocytes into struc- 
tures and intraalveolar spaces, localized small hemorrhages, extensive edema, and 
emphysema. addition, small amount cellular exudate was found the 
parenchyma, consisting mainly polymorphonuclear acidophilic and mono- 
nuclear cells, among which were larger cells the respiratory epithelial type. 
The bronchi showed exfoliated epithelium, some cells which were necrotic, and 
contained mixture red cells, coagulated serum, leucocytes, and fibrin small 
amount. growth was obtained aerobic cultivation the lung tissue.® 


This experiment, which typical many, shows that the lesions 
the lungs and the circulating blood described the previous 
paper arising the rabbit from the injection unfiltered naso- 
pharyngeal secretions from early cases influenza can produced 
the injection the filtered extract the lungs affected rabbits. 
The next step was the passage from rabbit rabbit the active 
material contained the lung tissue means successively filtered 
materials. 


Protocol 2.—A suspension the lung the previous rabbit was filtered through 
Berkefeld candle, size The filtrate was proved sterile aerobic cultivation 
tests and was introduced intratracheally into another series rabbits. While 


Several rabbits were inoculated, but only the rabbit used for further trans- 
mission experiments described this paper. 
The results anaerobic cultivation will reported later paper. 
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tests were made with the filtrate alternate test with unfiltered lung suspension 
was carried out. 

This consecutive series consisted ten rabbits, which developed 
hours temperature reaction, conjunctivitis, and leucopenia, involving especially 
the mononuclear cells. autopsy the animals exhibited the pathological condi- 
tion the lungs described typical the action the influenzal material (Fig. 3). 
There was essential difference noted the action the filtered compared 
with the unfiltered suspensions. Aerobic cultures the lung tissue blood and 
plain dextrose broth were systematically made. growth was obtained. 
But three instances common bacterial species were found. Thus the fifth pas- 
sage, which unfiltered suspension was used, yielded indefinite pneumo- 
coccus; the seventh and eighth passages, which filtered suspensions were em- 
ployed, and the tenth passage made with unfiltered suspension, 
unclassified, small, Gram-negative bacillus hemoglobinophilic nature. The 
variety bacteria appearing these cultures indicates that they were acci- 
dental 


The series experiments suggests that the particular clinical 
reactions and pathological effects induced rabbits the naso- 
pharyngeal washings from early cases epidemic influenza are due 
active substance which passes through Berkefeld filters and 
survives successive animal passages the filtrate. 

The preceding experiments were made with material obtained 
1919 and passed through rabbits before filtration. The recurrence 
the epidemic influenza 1920 afforded another opportunity for 
the study material from early cases the disease the manner 
indicated, and for the direct injection into the rabbit the filtered 
nasopharyngeal secretions man. 


Filtered Nasopharyngeal Secretions. 


Nasopharyngeal washings, obtained from two patients (Nos. 
and 26, described the first who had been ill and hours, 
were shaken saline solution and filtered through Berkefeld 
candles. The filtrates tested aerobic culture were sterile. They 
were inoculated intratracheally into rabbits follows: 


Subsequent tests proved that the Berkefeld candle used these two passages 
was contaminated with this organism. 

The part played these aerobic microorganisms will described another 
communication. 
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Protocol 21, 1920. the filtered nasopharyngeal washings from 
Patient were introduced intratracheally rabbit whose total leucocytes were 
10,400, which 6,760 were mononuclears. Temperature, before injection, 39.2°C. 
Jan. 23, after hours, conjunctivitis and temperature rise 39.4°C. were 
noted. The total leucocytes fell 6,800, which 4,080 were mononuclears. 
Jan. 24. Temperature 39.6°C.; total leucocytes 8,200, which 2,970 were mono- 
nuclears. Killed. All the organs except the lungs were normal appearance. 
The right lung was more extensively involved than the left. They were both 
voluminous result edema and emphysema. Small discrete hemorrhages 
were seen only the right lung, especially under the pleura. section the 
hemorrhages were noted occupy the depths the tissues. The bronchi con- 
tained mucopurulent material. The microscopic appearance confirmed the gross 
condition. There were localized small hemorrhages, edema, and emphysema. 
The capillaries were filled with blood. The small amount cellular exudate the 
parenchyma consisted polymorphonuclear cells, respiratory epithelial cells, 
and, especially the interalveolar strands, mononuclear cells. The bronchi 
showed necrosis and exfoliation the lining cells and contained coagulated serum, 
leucocytes, and fibrin. growth was obtained aerobic cultivation. 

Jan. 24. second rabbit was injected intratracheally with cc. the unfil- 
tered lung tissue suspension from the preceding rabbit. Jan.25. 
fell from 11,400 9,800, and mononuclears from 5,358 4,116. There was con- 
junctivitis but temperature rise. Jan. 26. Total leucocytes 9,400, which 
2,256 were mononuclears. Killed. The lesions present the lungs autopsy 
resembled those the previous rabbit and were regarded typical. Aerobic 
cultures showed growth. 

Protocol 4.—The typical clinical reaction and pathological effects were induced 
rabbits means the unfiltered nasopharyngeal secretions from Patient 26. 
These were described detail the first 

Feb. 1920. 3.5 cc. the filtered nasopharyngeal secretions from Patient 
26, collected hours after the onset symptoms, were injected intratracheally 
rabbit whose average total leucocytic count was 7,600, which 3,331 were 
mononuclears. Feb. after hours, total leucocytes fell 4,050, and 
mononuclears 1,539 (Text-fig. 1). Killed. The lungs showed the lesions re- 
garded typical. growth was obtained aerobic cultures. 

The next passage was effected employing the lungs second filtrate-in- 
jected rabbit which reacted typically, but was killed after hours instead 72. 
Feb. Rabbit injected with cc. the unfiltered suspension these lungs. 
Feb. Conjunctivitis appeared and temperature rose from 39.2° 39.4°C. 
Total leucocytes fell from 9,475 7,600, and mononuclears from 4,643 2,128. 
Feb. Temperature 39.5°C.; total leucocytes 5,400, which 1,728 were mono- 
nuclears (Text-fig. 2). Killed. Lungs showed the lesions regarded typical. 
growth obtained aerobic cultures. 
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count 


Effect the blood count and temperature the intratracheal 
inoculation the nasopharyngeal secretions from Patient 26. First rabbit pas- 
sage. the temperature, and the mononuclear depression 
hours after inoculation are shown. 

Second rabbit passage material from Patient 26. The rise 
temperature, the leucopenia, and the mononuclear depression hours after 
inoculation are shown. 

First rabbit passage glycerolated material from Patient The 
temperature not correspondingly raised shown the other text-figures. 
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The lung tissue the preceding rabbit this series transmissions was stored 
per cent sterile glycerol and after months was reinjected into rabbits. The 
characteristic clinical reaction and pathological effects were then observed five 
successive rabbit passages. all instances growth was obtained aerobic 
cultures. These experiments will described later. 


Protocols and indicate that the filtered nasopharyngeal wash- 
ings early cases epidemic influenza induce rabbits when 
injected intratracheally the peculiar changes the lungs and the 
blood which have been previously described! and are regarded 
peculiar and related that epidemic disease man. The first 
effects the direct inoculation the filtrates were noted hours, 
but after the first animal passage they were observed the end 
hours. However, should noted that while filtrates were 
employed the first inoculations the unfiltered lung suspensions 
were employed the transfer from rabbit rabbit. With material 
from Patient the passages were carried through only two animals, 
while with material from Patient they were carried through seven 
successive animals. Moreover, the glycerolated rabbit lung from 
this series preserved its activity for least months. 


Experiments Guinea Pigs. 


The next set experiments was carried out guinea pigs, the 
material employed for inoculation being the filtered extracts the 
lungs rabbits which showed the typical lesions. 


Protocol examination the first guinea pig gave the following 
results: total leucocytes 7,900, which 2,686 were mononuclears; temperature 
39.6°C.; weight 750 gm. Apr. 15, 1919, 4.30 p.m. Injected through 
trachea 0.65 cc. the Berkefeld filtrate (sterile aerobic cultivation tests) 
the suspension rabbit lung Apr. 16, 9.30 a.m. Animal sick; tem- 
perature subnormal; weight 725 gm.; total leucocytes 13,300, which 1,862 were 
mononuclears. Killed. Only the distended lungs showed lesions. The latter 
consisted hemorrhages, edema, and emphysema. The whole surfaces and, 
section, the interior were mottled with extravasated blood. The microscopic sec- 
tions showed, besides the escape blood into the alveoli and bronchi, edema, 
emphysema, and certain degree polymorphonuclear exudation. Aerobic 
cultures and films showed bacteria. 


This rabbit represented the second passage the nasopharyngeal washings 
from Patient 17, influenza case described the previous 
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Second lung tissue this guinea pig was filtered through 
Berkefeld candle, and 0.5 cc. the filtrate, sterile aerobic cultivation tests,. 
was introduced intratracheally into two other guinea pigs. One the guinea 
pigs after hours developed leucopenia and mononuclear depression which 
persisted for days, and was followed gradual return normal. The other 
animal, which showed prompt leucopenia, was killed hours after inoculation. 
The lung lesions resembled those the rabbits and the guinea pig the first 
passage. bacteria were obtained aerobic culture. 

The material from the lungs this guinea pig was suspended saline solution 
and injected intratracheally into other guinea pigs shown Table 


TABLE 


Results Intratracheal Inoculation Guinea Pigs. 


Guinea 
guinea pig 2nd clear depression for 
sage. days. 
guinea pig 2nd clear depression for 
sage. days. 
4th 0.75 cc. lung tissue from Leucopenia, 550 mononu- 
guinea pig 3rd clears, 3rd day after 
sage. inoculation. 
guinea pig 4th clear depression for recover. 
sage. days. 


The foregoing experiments with guinea pigs indicate that these 
animals respond the intratracheal inoculation materials derived 
from cases acute influenza and passed through the lungs rabbits 
very much rabbits do. tests were made guinea pigs with 
nasopharyngeal secretions derived directly from man. 


Effect Glycerol the Active Agent. 


Since there class pathogenic microorganisms (vaccinia, virus 
poliomyelitis, etc.) which resistant glycerol, was decided to: 
test the action glycerol the active material, agent, the 
experiments described. 
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routine practice, the lung tissue derived from rabbits was cut into cubes 
measuring 0.5 cm., and was placed sterile per cent glycerol, which was 
stored the refrigerator (4°C.). When the glycerolated tissue was used for 
inoculation was cultured for sterility, rendered free glycerol washing four 
times normal saline solution, and suspended previously 

Protocol 6.—Total leucocytes rabbit 12,225, which 5,624 were mononu- 
clears. Feb. 18, 1919. Inoculated intratracheally with cc. suspension 
day glycerolated rabbit lung tissue, corresponding the ninth passage the 
nasopharyngeal secretions from Case influenza patient. Conjunc- 
tivitis. Leucocytes decreased 9,125 and mononuclears 2,099. Feb. 20. 
Leucopenia and mononuclear depression continued, shown Text-fig. 
Killed. Lungs showed lesions regarded typical and growth was obtained 
aerobic culture. 

Feb. 20. cc. the suspension the lung tissue from this rabbit were in- 
jected intratracheally into another rabbit whose normal total leucocytic count 
was 13,375, which 6,955 were mononuclears. Total leucocytes 9,750, 
which 4,582 were mononuclears. loss 175 gm. weight accompanied 
the leucopenia. This condition endured for day, the animal then returning 
normal. 

Feb. 26. rabbit was inoculated with cc. the suspension rabbit lung 
tissue corresponding the second passage the nasopharyngeal secretions from 
another case, Patient hours leucopenia and mononuclear depression 
occurred, and persisted for days; the rabbit then returned normal. 


These experiments were preliminary and show that short immer- 
sion for days glycerol does not affect the activity the agent. 
Subsequently lung tissues immersed the per cent glycerol 
for longer periods, and days, and 103 months, were 
tested. Since there much similarity the results obtained they 
summarized Table II. 

From Table will noted that the characteristic reaction 
could obtained the use material immersed per cent 
glycerol for periods varying from days months. some 
instances this material was originally derived from filtrates lung 
tissue. After recovery from the glycerolated lung tissue the active 
agent was transmitted through many ten successive animals. 
The lesions the lungs rabbit inoculated with material exposed 
glycerol are shown Fig. Affected lung tissue exposed the 
glycerol for months failed two series experiments yield the 
agent active state. 
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Series No. 


6(Lung tissue 
rabbit 
passage 
Series 
refiltered.) 


clear depression with- 
hrs. 


NASOPHARYNGEAL SECRETIONS FROM INFLUENZA. 
TABLE II. 
Results Experiments with Glycerolated Lung Tissue. 
No. 
ex- successive 
per showed 
glycerol.| effects. 
days 
clear depression: 1st 
passage after hrs.; 
2nd passage after 
hrs.; 3rd passage and 
subsequently after 
hrs. 
mos. 
clear depression: 
passage after hrs.; 
2nd passage and sub- 
sequently after 
clear depression after 
hrs. 
clear depression with- 
hrs. 
days 
clear depression after 
hrs. 
mos. 
clear depression: ist 
passage after hrs.; 
2nd passage and sub- 
sequently after hrs. 


The number represents, rule, the discontinuance the experiment and 
not the cessation the activity the agent. 
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will also noted that the action the circulating blood and 
lungs was detected usually only after hours the first pas- 
sages, and, rule, within hours the subsequent passages. 


SUMMARY. 


active transmissible agent present the nasopharynx early 
cases influenza has been found produce definite and character- 
istic clinical reactions and pathological effects rabbits already 
described earlier publication.! 

The experiments here reported indicate that this active agent has 
the following properties. 

The agent exists the nasopharyngeal secretions man, 
and the lungs rabbits injected with the human secretions, passes 
through Berkefeld and candles. 

The filtered material produces the same effects the circulat- 
ing blood and the lungs rabbits the unfiltered material. 

The peculiar effects described arising the inoculated rab- 
bit may also induced guinea pigs inoculated with the agent. 

The agent responsible for the reaction the blood and the 
lungs rabbits withstands the action glycerol sterile per 
cent solution, for periods months. The question must 
left open present whether the agent can withstand longer contact 
with the chemical. two experiments after months contact 
the agent induced observable changes the blood and lungs 
rabbits. 


EXPLANATION PLATES. 


PLATE 32. 


Fic. First rabbit passage filtered material corresponding the fourth 
animal passage the nasopharyngeal secretions from Patient (Protocol 1). 
The extensive edema, the emphysema, the cellular exudation into the parenchyma, 
and localized hemorrhages are noteworthy. 230. 


PLATE 33. 


Fic. Section from the same rabbit Fig. section shows particu- 
larly the number localized small hemorrhages and the hemorrhagic extravasa- 
tion into the parenchyma. 230. 
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PLaTE 34. 


Fic. The sixth passage the nasopharyngeal secretions from Patient 17. 
Rabbit inoculated with filtered material (Protocol 2). The hemorrhages and the 
voluminous condition the lungs resulting from edema and emphysema are 
noteworthy. size. 

Fic. Rabbit inoculated with the lung tissue shown Fig. after exposure 
per cent glycerol for days. The hemorrhages, voluminous condition the 
lungs resulting from the edema and emphysema, and the absence pneumonic 
consolidation are shown. Natural size. 
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EXPERIMENTAL STUDIES THE NASOPHARYNGEAL 
SECRETIONS FROM INFLUENZA PATIENTS. 


THE CONCURRENT INFECTIONS. 


PETER OLITSKY, M.D., FREDERICK.L. GATES, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


35. 
(Received for publication, December 13, 1920.) 


two previous communications the effects produced the lungs 
and blood rabbits through the intratracheal injection the naso- 
pharyngeal secretions from patients the early stages uncompli- 
cated epidemic influenza were described and traced living sub- 
stance not the nature ordinary bacteria. Nevertheless, ordinary 
bacteria were occasionally, rarely, encountered the lungs the 
course the experiments, which case the lesions the lungs and 
the composition the blood were quite different from those observed 
the absence ordinary bacteria. Since had view possible 
relation the active substance giving rise the peculiar effects 
observed the lungs and the blood the etiological agent influenza, 
and since epidemic influenza man commonly predisposes 
variety secondary pulmonary infections, was also deemed advis- 
able study the concurrent ordinary bacterial invasions. 

The subject was approached from two points view. First, the 
circumstances under which ordinary bacteria accidentally invaded 
the lungs the course the transmission experiments were con- 
sidered, and second, experimental concurrent infections were induced 
order imitate the rabbit the operation the predisposing 
influences influenza leading secondary pulmonary affections. 

previously stated, the unfiltered' filtered? nasopharyngeal 
secretions early cases epidemic influenza were injected into the 


K., and Gates, L., Exp. Med., 1921, xxxiii, 125. 
K., and Gates, L., Exp. Med., 1921, xxxiii, 361. 
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lungs rabbits way the With unfiltered secretions 
bacteria present the nose and throat would, course, carried 
into the lungs; but the bacteria often disappeared were eliminated 
course subsequent transmission experiments. The kinds 
bacteria and the number times they were observed the various 
rabbit and guinea pig passages were follows: 


Gram-negative, hemoglobinophilic bacillus 
Gram-negative, slender, spore-bearing 


There was regularity incidence species the microorgan- 
isms found occasional rabbit passages consecutive series. For 
example, the filtrate series ten successive passages from Case 
the fifth passage yielded Pneumococcus Type IV, the seventh and 
eighth passages Bacillus and the tenth passage small, 
Gram-negative, hemoglobinophilic bacillus. The filtrate series 
five such passages glycerolated material derived from Patient 
yielded Gram-negative, long, slender, spore-bearing bacillus 
the fifth passage, while the glycerolated series ten passages 
material from Case yielded the tenth passage Bacillus coli com- 
munior and streptothrix. All the remaining passages these vari- 
ous series were sterile the ordinary sense. Obviously, therefore, 
because this variety the infections may regarded accidental 
nature. general these bacteria appeared more often the earlier 
passages unfiltered, and the later passages filtered material. 

That the appearance the ordinary bacteria was accidental 
shown single instances bacterial infection several series 


All operations were performed under light ether anesthesia. 


occurrence pyocyaneus was the result faulty technique filtra- 
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consecutive animal passages otherwise free. Thus the glycerolated 
series Case only the tenth passage yielded Bacillus coli com- 
munior and streptothrix, while the filtrate the same series showed 
the fifth passage only Pneumococcus Type IV. Again the glycero- 
lated filtrate series from Patient exhibited the fifth passage 
Gram-negative, spore-bearing bacillus, and the unfiltered naso- 
pharyngeal washings from Case yielded the third passage 
Pneumococcus Type IV. 

the instances which aerobic bacteria were encountered the 
first passages, the suppression the bacteria, already alluded to, 
could often effected that the subsequent passages were free from 
them. the transmissions the nasopharyngeal secretions 
from Patient the first passage showed Pneumococcus Type IV, 
while the second, and fourth passages aerobic micro- 
organisms were found. When, therefore, the “influenzal 
may designated for purposes clearness, was present, 
its peculiar effects could recognized the lungs and blood. The 
suppression ordinary bacteria was effected follows: The ordinary 
bacteria tended induce consolidation and even abscess the lung 
and often remained localized these areas. The influenzal agent 
tended diffuse throughout the lung tissue. killing the animals 
early, portions the lungs could selected which were free from 
ordinary bacteria and yet contained the active agent trans- 
missible state. the seven patients whose nasopharyngeal secre- 
tions gave rise typical effects rabbits, four the ordinary bacteria 
present the washings were suppressed completely this manner 
that all the animals inoculated subsequently remained free from them. 

The clinical condition the rabbits developing concurrent infec- 
tions tended more grave than that rabbits which this form 
infection was avoided. The conjunctivitis was purulent instead 
catarrhal. There was more loss weight, and often the animals 
were prostrated and died hours. 

The blood showed greater depression the leucocytes, involving 
the polymorphonuclear cells and especially the mononuclear cells 
the animals which succumbed acutely; the others initial depres- 
polymorphonucleosis. 
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The pathological appearances also differed. Whereas the 
absence ordinary bacteria the lungs showed hemorrhagic edema 
and emphysema, without consolidation and pleuritis, the presence 
these bacteria pneumonic consolidation involving one more 
lobes and sometimes actual abscess with softening the tissues arose. 
The several kinds bacteria mentioned were found more less 
abundantly the consolidated areas. 

obvious, therefore, that the effects materials derived from 
cases influenza man the lungs and the blood rabbits are 
sharply distinguished according common kinds bacteria 
not multiply the lungs. Under the former circumstances the 
ordinary and usually severe inflammatory reaction follows; under the 
latter conditions peculiar hemorrhagic edema patchy character 
arises the lungs, and the blood shows marked and characteristic 
leucopenia with mononuclear depression. 


Experimental Concurrent Infection. 


has been commonly and widely noted that cases influenza 
man, uncomplicated concurrent infections the bronchi and 
lungs, tend quickly recover, but that when these structures are 
involved ordinary bacterial infections several kinds bacteria 
appear, among which are streptococci, Pfeiffer bacilli, pneumococci, 
staphylococci, and, rarely, meningococci and even other bacteria; 
this event the disease process correspondingly rendered more 
intense. The impression widespread that the inciting agent 
influenza, whatever may be, renders the lung structures more 
vulnerable these bacteria, many which are ordinarily present 
the nasopharynx health. Hence the question once arose 
whether the influenzal agent under consideration also predisposed 
the pulmonary structures such concurrent secondary infections. 
series experiments was devised test this point. The first 
step was determine the effects pure cultures the several bacteria 
alone. 
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Intratracheal Inoculation Bacteria. 


The microorganisms the ordinary kind which attention was 
directed were Type and atypical Type pneumococcus, 
Bacillus and Bacillus bronchisepticus, the last because 
common inhabitant the upper air passages the rabbit. 


strains pneumococci employed were freshly isolated 
from the lungs rabbits used the transmission experiments, directly from 
the nasopharyngeal washings and sputum from the secondary pneumonias 
cases influenza, from the normal sputum man. 

small numbers the pneumococci were inoculated intratracheally rab- 
bits, the blood picture remained unchanged for days, after which more 
less pronounced polymorphonuclear leucocytosis arose which lasted for 
days, when the blood returned normal. Larger doses the pneumococci 
led prompt polymorphonucleosis, bacterial invasion the blood stream, 
and death. The lesions present the lungs and pleura consisted consolidation 
and exudate similar that described Lamar and and Wollstein and 
Filtrates from these consolidated lung tissues were without pro- 
nounced effect normal rabbits when injected intratracheally. 

used for inoculation was obtained from lungs 
fatal cases influenza, from exploratory thoracentesis, and from the sputum 
cases influenza. were suspended saline solution (12 billion 
per inoculation) and injected intratracheally. Three separate strains were 
injected. The passage one the strains through two rabbits succession 
and the other two through three rabbits was attempted. The secondary 
passages were made with ground and suspended lung tissues the rabbits pre- 
viously The effect the injections was induce leucocytosis 
which was generally polymorphonuclear type and was still present the end 
hours when the animals were killed order observe the lung lesions 
(Text-figs. Two the strains induced visible lung lesions; the third 
strain seemed set pneumonic consolidation from, which, however, not 
but atypical Pneumococcus Type was isolated. instance 
was pfeifferi recovered from the injected lungs. 

The toxic extract described was injected into the lungs seven 
rabbits doses from cc. certain rabbits polymorphonucleosis 
was set up, others blood changes were produced (Text-fig. 4). visible 
pulmonary lesions resulted. 


V., and Meltzer, J., Exp. Med., 1912, xv, 133. 


Wollstein, M., and Meltzer, J., Exp. Med., 1913, xvii, 353. 
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count 

the blood count and temperature the intratracheal 
inoculation pfeifferi. First rabbit passage. The leucocytic rise, the poly- 
morphonucleosis, and the variable temperature reaction are noteworthy. 


Effect the blood count and temperature the intratracheal 
inoculation pfeifferi. Second rabbit passage. The leucocytic rise, the 
polymorphonucleosis, and the variable temperature reaction are noteworthy 

Effect the blood count and temperature the intratracheal 
inoculation pfeifferi. Third rabbit passage. The leucocytic rise, the poly- 
morphonucleosis, and the variable temperature reaction are noteworthy. 
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other words, neither nor its toxic constituents when injected 
intratracheally into the lungs rabbits induced lung blood changes similar 
those described for. the influenzal agent, set pneumonic consolidation, 
led directly the death the animals. rule, polymorphonuclear 
leucocytosis without distinctive lung lesions was produced. 

doses (one-fiftieth the hour growth stand- 
ard agar slant) induced after several days slowly developing polymorpho- 
nucleosis and leucocytosis with multiple abscesses and necrosis the lungs; 
large doses (ten times much) caused acute death. 


Experimental Reproduction Concurrent Infections 


now turned the experiments concurrent infection with the 
influenzal agent and ordinary bacteria. review the main points 
reached issue may state that pneumococci, Bacillus pfeifferi 
its poison, and Bacillus bronchisepticus, small doses, produce 
only transient effects when injected intratracheally rabbits, and 
these effects differ essentially from the equally transient effects 
induced the influenzal agent. was next proposed ascertain 
whether lungs already damaged the influenzal agent would react 
differently the bacterial inoculations. The method employed was 
introduce the influenzal agent into the lungs and then inject the 
bacteria either into the lungs into the circulation. The latter 
route was adopted severer trial the concomitant action, even 
though may not the route taken the ordinary secondary infec- 
tions the lungs man. 


Influenzal Agent Plus 31, 1919. rabbit was injected 
intratracheally with 2.5 cc. suspension glycerolated lung tissue corre- 
sponding the fourteenth rabbit passage the nasopharyngeal secretions 
from Patient 17, case influenza. June Conjunctivitis; loss weight 
(40 gm.); leucopenia (decrease 2,075 cells); mononuclear depression (decrease 
612 cells). June Injected intravenously with million Pneumococcus 
rabbit strain. June3. Temperature 39.5°C.; total leucocytes increased 
6,350 cells; mononuclears increased 4,904 cells. June Temperature 40.5°C.; 
total leucocytes increased 2,875; mononuclears increased cells. Died. The 
lungs showed consolidation the right lower lobe, and hemorrhage, edema, and 
emphysema other parts. From the lung and spleen Pneumococcus Type 
was isolated culture. 
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Text-Fic. Inoculation intratracheally the poison pre- 
pared Parker’s method. The marked polymorphonucleosis shown. 

Inoculation rabbit intratracheally with the influenzal 
agent followed hours intravenous injection pneumococci. The 
depression the leucocytic well the mononuclear counts, and the high 
temperature are noteworthy. This animal was moribund when killed, and 
showed lobar consolidation, which yielded pneumococci, besides the typical 
lesions the influenzal agent. 
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second rabbit (Text-fig. gave identical result. 

order control this experiment third rabbit was injected intratracheally 
with cc. suspension normal rabbit lung tissue and then injected intra- 
venously the same manner the preceding rabbit with million pneu- 
mococci. Except for transient leucocytosis hours after the first injection, 
effects were noted. The animal was killed days after the injection pneu- 
mococci. The lungs and other organs appeared normal.® 

Influenzal Agent Plus Streptococcus viridans pfeifferi—Experiments 
modelled precisely those described for the pneumococcus were carried out with 
and Streptococcus viridans. each instance hours after the intra- 
tracheal injection the influenzal agent, standard agar slant growth 
tococcus viridans one-half such growth suspended saline 
solution was injected intravenously. Preceding the intravenous injections the 
characteristic blood changes due the agent were present. The animals injected 
with the streptococcus usually succumbed the 3rd day and showed massive 
consolidation the lungs with fibrinous pleuritis. Cultures from the lung 
tissue yielded abundant growth Streptococcus viridans. control rabbit 
given normal lung tissue suspension intratracheally and the streptococci intra- 
venously was killed after days, and autopsy failed show lung changes. 
growth the streptococcus was obtained from the lung 

The combined influenzal agent and injections set broncho- 
pneumonic consolidation one more pulmonary lobes, and hemorrhagic 
edema the remainder the lung. The cultures yielded abundant 
control rabbit injected intratracheally with normal lung suspension and intra- 
venously with showed transient polymorphonuclear leucocytosis. 
The lungs were not visibly altered. 


These severe tests showed the conditions under which concurrent 
infections arose experimentally the rabbit. method was next 
employed rabbits which imitated more closely the manner 
development secondary infections influenza man. 


Larger fatal doses virulent pneumococci injected intravenously resulted 
generalized pneumococcic septicemia rabbits inoculated intratracheally 
with normal rabbit tissue; all organs, including the lungs, were congested and 
yielded the pneumococcus culture. The rabbits inoculated intratracheally with 
the influenzal agent, however, similar procedures showed definite localization 
the bacterial infection the lungs—fibrinous and exudative pleuritis, and 
consolidation—besides the involvement other organs. 

9In the case Streptococcus viridans experiment was also made which 
these bacteria were injected intravenously hours before the intratracheal inocu- 
lation the influenzal agent. The results were similar. 
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Influenzal gent Injected Intratratheally with Pneumococcus Type Streptococ- 
cus viridans, pfeifferi—A series rabbits was injected intratracheally 
with the influenzal agent together with small non-pathogenic doses Pneu- 
mococcus Type IV, Streptococcus viridans, pfeifferi. These experiments, 
properly controlled, showed that effects were produced similar those obtain- 
when these bacteria were injected intravenously; namely, more less 
extensive consolidation, either lobar bronchial, and from the affected lungs 
the same kind microorganisms which were inoculated were recovered pure 
culture, while the remainder the lungs showed the hemorrhagic edema with 
emphysema characteristic the influenzal agent (Figs. and 2). 


The experiments just given have important bearing the sub- 
ject this study since they show that the intratracheal injection 
the influenzal agent rabbits exerts influence the pulmonary 
structures these animals nature encourage the invasion 
the lung and the subsequent multiplication there, with lethal outcome, 
such bacteria the pneumococcus, streptococcus, and Bacillus 
which otherwise, the doses employed, are without marked 
effect. The control experiments show that the injection normal 
rabbit lung exerts such predisposing influence. While the experi- 
ments are perhaps not exact reproduction the conditions 


occurring man secondary pneumonia following influenza they 
bear directly these conditions. 


CONCLUSIONS. 


Concurrent infections the experiments described may 
regarded accidental nature and are not causally related the 
typical effects induced rabbits material wholly free from 
ordinary bacteria. 

The influenzal agent exerts effect the pulmonary tissue 
which encourages the invasion the lung and subsequent multi- 
plication there ordinary bacteria, such the pneumococcus, 
streptococcus, and Bacillus 

similarity believed exist between the conditions under 
which concurrent infections arose the inoculated rabbits and those 
which seem favor the occurrence concurrent infections during 
epidemic influenza man. instance did death occur the 
rabbits result the uncomplicated effects the influenzal 
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agent alone. When death occurred any the inoculated animals 
concurrent infection the lungs ordinary bacteria was present. 
The microorganisms most commonly met with under these conditions 
were Pneumococcus Type and atypical Type II, streptococci, 


and hemoglobinophilic bacilli. kinds were encountered less 
often. 


EXPLANATION PLATE 35. 


The influenzal agent with small numbers Pneumococcus Type was 
inoculated intratracheally rabbit. The right lung shows the typical effects 
the influenzal agent; voluminous, emphysematous, edematous, and hemor- 
rhagic. The left lung shows massive lobar consolidation (red hepatization) and 
yielded culture profuse growth the pneumococci. Natural size. 

Fic. The influenzal agent with pfeifferi, both ordinarily without effect 
themselves, was inoculated intratracheally rabbit. The left lung shows 
the typical effects the influenzal agent; voluminous, emphysematous, 
edematous, and hemorrhagic. The right lung shows patchy consolidation (bron- 
chopneumonia) and yielded culture pfeifferi. Natural size. 
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STUDIES MEASLES. 


SUSCEPTIBILITY MONKEYS THE VIRUS MEASLES. 


FRANCIS BLAKE, M.D., JAMES TRASK, Jr., M.D. 
(From the Hospital The Rockefeller Institute for Medical Research.) 


(Received for publication, November 1920.) 
INTRODUCTION. 


Measles occupies prominent position among the acute infectious 
diseases that lead severe and not infrequently fatal secondary 
infections the respiratory tract. Efforts control this serious 
effect measles are present directed almost wholly toward the 
prevention the secondary infections means isolation and 
careful treatment the patient, and while they have met with 
certain degree success, the results obtained are still far from satis- 
factory. more hopeful solution the problem would appear 
lie the prevention measles itself. 

Long experience has shown that the prevention measles strict 
quarantine largely inadequate because the contagiousness 
the disease during the prodromal period. There would appear be, 
however, more than theoretical possibility that prevention may 
accomplished protective inoculation. This will obviously require 
isolation the virus measles, least the development 
method handling the virus pure form, whether actually 
identified under the microscope and the culture tube not. Much 
work has already been done this direction, both culture study 
and attempted transmission the virus animals. The former 
method has not yet yielded positive results. Whether the trans- 
mission the virus animals has been successfully accomplished 
has remained open question because the conflicting results 
obtained different investigators and because the somewhat 
indefinite and limited criteria that have been relied upon evidence 
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has seemed desirable, therefore, determine the outset whether 
more conclusive evidence concerning the susceptibility animals 
the virus the disease might not obtained. 

This paper presents the results experiments far conducted 
the transmission measles from man monkeys and the passage 
the infection from monkey monkey. The symptomatology and 
pathology the reaction produced will presented greater detail 
subsequent paper.! 


The more recent experiments upon the transmission measles monkeys 
date from the work Anderson and and are largely based upon 
earlier report having successfully transmitted measles from man 
man the subcutaneous injection ascites broth blood cultures from patients 
the early eruptive stage the disease. The former authors claim have 
transmitted the virus measles monkeys considerable number instances 
the use whole defibrinated blood, blood serum, and washed corpuscles from 
cases measles the preeruptive early eruptive stages the disease. Intra- 
peritoneal, intracerebral, intravenous, and subcutaneous routes inoculation 
were employed with apparently equal success. Transmission was also accom- 
plished subcutaneous injection nasopharyngeal secretions collected the 
prodromal and early eruptive stages, and further transmission from monkey 
monkey was carried through six passages. The evidence positive transmis- 
sion consisted moderate febrile reaction inconstant character coming 
after incubation period varying from days, accompanied some 
instances erythematous maculopapular rash variable character with 
without symptoms rhinitis. mention made Koplik spots, blood 
counts, histological examination the skin mucous membranes. seems 
probable that Anderson and Goldberger succeeded transmitting the virus 
measles monkeys certain their experiments, but the evidence which they 
present not entirely conclusive. 

Nicolle and using similar methods have also reported the successful 
transmission the virus measles from man monkey and its further passage 


Blake, G., and Trask, D., Jr., Exp. Med., 1921, 413. 

Anderson, F., and Goldberger, J., Pub. Health Rep., H., 1911, xxvi, 
847, 887; Am. Med. Assn., 1911, lvii, 113. Goldberger, J., and Anderson, 
F., Am. Med. Assn., 1911, lvii, 476. Anderson, F., and Goldberger, J., 
Am. Med. Assn., 1911, lvii, 1612. 

Hektoen, L., Infect. Dis., 1905, ii, 238. 

Nicolle, C., and Conseil, E., Compt. rend. Acad., 1911, cliii, 1522; Compt. rend. 
Soc. biol., 1920, 56. 
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from monkey monkey. Except for elevation temperature after incu- 
bation period days symptoms measles are mentioned having 
been observed the inoculated monkeys. 

Hektoen and and Lucas and have studied the leu- 
cocyte reaction monkeys inoculated with blood from measles patients and 
have shown that fall the total leucocyte count takes place. These authors, 
however, present little definite evidence that the monkeys were infected with the 
virus measles. 

Jurgelunas® inoculated three monkeys with defibrinated blood and five mon- 
keys with secretions the respiratory tract from cases measles. also 
exposed two monkeys for days active cases measles hospital ward. 
None the animals showed any evidence infection with the virus measles. 

Sellards and Wentworth® and have recently carried out series 
inoculation experiments both monkeys and man. Five monkeys were inten- 
sively inoculated with large amounts blood from preeruptive and early eruptive 
cases measles. The results were negative. Eight susceptible human volun- 
teers were inoculated with blood from cases measles the prodromal early 
eruptive stages. None the men showed any evidence measles. 

Although according the literature, Sellards has pointed out, most the 
important symptoms measles have been described inoculated monkeys, 
striking that single investigator has obtained all the features any one 
animal even series animals, and that single symptom has appeared 
with constancy. The periods incubation vary widely, the temperature reac- 
tions are inconstant, Koplik spots have been noted only Lucas and Prizer, 
the rashes described are variable character and frequently lacking, and there 
disagreement regard the character the leucocyte reaction. 


EXPERIMENTAL. 


attempting determine the susceptibility monkeys the 
virus measles seemed desirable the outset utilize method 
that presumably would afford the optimum opportunity for successful 
transmission; namely, the use comparatively large amount 
material believed contain the virus measles and the inoculation 


Hektoen, L., and Eggers, E., Am. Med. Assn., 1911, lvii, 1833. 

Tunnicliff, R., Infect. Dis., 1912, xi, 474. 

Lucas, P., and Prizer, L., Med. Research, 1912-13, xxvi, 181. 

Jurgelunas, A., Centr. Bakt., Abt., Orig., 1914, 483. 

W., and Wentworth, A., Bull. Johns Hopkins Hosp., 1919, 

Sellards, W., Bull. Johns Hopkins Hosp., 1919, xxx, 257, 311. 
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this material the natural path infection. This method might 
expected afford not only the best opportunity for successful 
transmission, but also greater probability that the reaction the 
animal the virus would more closely conform the course 
measles occurs man. Clinical observation has indicated 
beyond reasonable doubt that the virus measles abundantly 
present the secretions the respiratory tract during the pre- 
eruptive and early eruptive stages the disease and that the respira- 
tory mucous membrane the natural path entry the virus. 
The method used the preliminary experiments, therefore, consisted 
inoculation the mucous membranes the respiratory tract with 
unfiltered nasopharyngeal secretions patients the early stages 
measles. The secretions were collected irrigation the naso- 
pharynx with cc. sterile 0.85 per cent salt solution. Mon- 
keys were inoculated with cc. the nasopharyngeal washings 
intratracheal injection order facilitate retention the animal 
was injected small amount was commonly regurgitated and spread 
itself over the mucous membranes the buccal and nasal cavities. 

that this method open criticism the 
ground that many other organisms beside the virus measles 
were inevitably introduced into the trachea. was felt, however, 
that most instances these organisms, being largely saprophytic, 
would promptly disposed the normal respiratory mucous 
membrane and would not interfere with the ultimate result the 
experiment. furthermore seemed probable that other methods 
free from the foregoing objection could more satisfactorily carried 
out after the susceptibility the monkey the supposed virus 
measles had been demonstrated and the criteria necessary establish 
positive transmission had been learned. objection has been 
met subsequent experiments the use filtered nasopharyngeal 
washings and blood shown free from ordinary bacteria 
culture tests. 

The methods study after inoculation consisted daily observa- 
tion symptoms and inspection the skin, conjunctive, and mucous 
membranes the mouth, the recording morning and evening 
temperature (rectal), and daily counts the white blood corpuscles. 
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Blood cultures were made irregular intervals variety media 
(aerobic and anaerobic) both during the incubation period and during 
the disease order exclude far possible the presence pos- 
sible intercurrent infections resulting from the introduction extrane- 
ous organisms into the trachea, occurring independently from other 
sources. Finally, small sections skin were excised" nearly all 
animals during the course the exanthem order determine the 
histological character the lesion. All animals were observed for 
period least weeks after inoculation before being discarded 
negative. The evidence for positive transmission has depended, 
the clinical diagnosis measles, upon the development the 
characteristic symptoms and lesions the disease, the temperature 
and leucocyte counts having been recorded merely additional data 
and not evidence successful inoculation. 


Direct Transmission the Virus Measles from Man Monkeys. 


ten monkeys inoculated with nasopharyngeal washings from 
seven patients with measles, eight after incubation period 
days developed symptoms closely resembling those measles 
man. the two monkeys which failed develop symptoms 
measles, one contracted Pneumococcus Type pneumonia with 
severe pneumococcus septicemia hours after inoculation and died 
the 8th day, while the other failed show sufficiently definite 
symptoms warrant positive diagnosis and was discarded 
negative after days observation. The details the experiments 
which positive transmission was obtained follow. 

the first two experiments monkeys were inoculated intra- 
tracheally with unfiltered nasopharyngeal washings. the first 
instance the secretions were collected from the patient about hour 
after the first appearance the exanthem, the second days before 
the exanthem appeared. 


Experiment 1—Monkey (Text-fig. Macacus rhesus. Mar. 24, 1920. 
Intratracheal injection cc. unfiltered nasopharyngeal washings collected 
from measles patient, Case about hour after the first appearance the exan- 
them. Cultures the washings showed Micrococcus catarrhalis, Streptococcus 
Staphylococcus pyogenes aureus, and diphtheroid bacilli. 


This was always done under anesthesia. 
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The monkey remained well and active until the 6th day when the temperature 
rose 104.7° and remained elevated for days. The leucocyte count fell 
the 6th day and remained low for days. the 9th day the animal became 
less active; there was photophobia, and small, bright red macule appeared the 
mucous membrane the left lower gum. Blood culture showed growth. 
the 10th day drowsiness was quite marked; two more discrete, erythematous spots 
were present the labial mucous membrane and rash consisting small, dis- 
crete, red maculopapules which faded out pressure appeared the forehead, 
cheeks, and neck. the 11th day the exanthem was more prominent but had 
not spread other parts the skin. The small hyperemic spots the labial 
mucous membrane were more numerous but not coalescent. the 12th day 
the enanthem was fading and the exanthem was less marked; the 13th had 
disappeared without definite pigmentation desquamation and the animal again 
appeared well and active. 

Experiment (Text-fig. Macacus rhesus. Mar. 24, 1920. 
Intratracheal injection cc. unfiltered nasopharyngeal washings collected 
from measles patient, Case days before the appearance the exanthem. 
Cultures the washings showed Streptococcus viridans, Staphylococcus 
pyogenes albus, Staphylococcus pyogenes aureus, and diphtheroid bacilli. The ani- 
mal remained well and active for days. the day appeared quiet; 
the conjunctive were markedly congested; small, bright red macule appeared 
the mucous membrane the upper lip, and the afternoon few, small, red, 
discrete maculopapules appeared the forehead and cheeks. the 12th day 
the conjunctivitis was more marked; there was moderate, erythematous, granu- 
lar rash the mucous membrane the lips and abundant, bright red, maculo- 
papular exanthem over the entire face, places nearly confluent. the 13th 
day the animal was weak and drowsy; the exanthem had spread the flexor sur- 
faces the arms, forearms, and thighs. the 14th day the rash had begun 
fade. During the following days gradually disappeared, first from the arms 
and legs and finally from the face. the 19th day had entirely gone, leaving 
only yellowish brown pigmentation which lasted for several days and then cleared 
up. desquamation was noted. The animal showed well defined febrile 
reaction from the 11th 16th days coincident with the other symptoms. The 
leucocyte count was low from the 9th 14th days. the 3rd day the exan- 
them small pieces skin were excised from the face, left arm, and left thigh. All 
show the characteristic histology the measles exanthem, consisting prolifer- 
ative and exudative reaction about the capillaries the corium. The endothelial 
cells the capillary walls are swollen, and numerous endothelial leucocytes are 
present about the capillaries. moderate number these cells are mitosis, 
indicating active multiplication. few eosinophils, polymorphonuclear leuco- 
cytes, and lymphocytes are also present the pericapillary exudate. There area 
few small foci exudative and degenerative changes the epidermis. these 
points the epithelial cells are swollen and vacuolated, and occasionally show evi- 
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dence necrosis. Similar changes are seen small groups cells the hair 
sheaths and sebaceous glands that lie adjacent the capillary lesions. 


the next experiment two monkeys were inoculated intratracheally 
with the pooled nasopharyngeal washings from two patients the 
prodromal stage measles days before the appearance the 
exanthem. One monkey received unfiltered washings, the other 
portion the same washings after filtration through new Berkefeld 
filter. 


Experiment 3—Monkey (Text-fig. Macacus rhesus. Apr. 1920. 
Intratracheal injection cc. pooled unfiltered nasopharyngeal washings 
collected from measles patients, Cases and days before the appearance 
the exanthem. Cultures the washings showed Staphylococcus pyogenes albus, 
Micrococcus catarrhalis, Streptococcus viridans, and diphtheroid bacilli. The 
monkey remained free from symptoms for days. the afternoon the 7th 
day appeared quiet and drowsy and shivered times. the 8th day two small, 
hyperemic spots appeared the mucous membrane the upper lip. the 
10th day the conjunctive were slightly congested and red, punctate, granular 
rash was present the labial mucous membrane. the 11th day well defined 
rash consisting small, discrete, red maculopapules had appeared the forehead, 
cheeks, sides neck, upper chest, lower abdomen, and inside thighs. The 
conjunctivitis remained the same; the enanthem was more marked. the 12th 
day the exanthem was more abundant; the individual maculopapules were larger, 
and fresh spots had appeared over the shoulders. The enanthem was fading. 
The exanthem rapidly faded the following days. the 15th day the animal 
had completely recovered. pigmentation desquamation was noted. There 
was well defined leucopenia from the 7th days. Blood cultures made 
the 4th and 7th days showed growth. Sections skin removed from the 
face and thigh the 2nd day the exanthem show the characteristic histology 
measles. 

Monkey (Text-fig. b); Macacus Apr.9, 1920. Intratracheal injec- 
tion cc. pooled, filtered (Berkefeld minutes, 640 mm. vacuum) naso- 
pharyngeal washings collected from measles patients, Cases and days before 
the appearance the exanthem. Aerobic and anaerobic cultures the filtrate 
showed growth during weeks incubation except four anaerobic 
tissue ascites fluid tubes which small Gram-negative bacillus, presumably 
contaminant, appeared. The monkey remained well and active for days. 
the 8th day showed moderate conjunctivitis which had increased the 
following day. the 10th day the mucous membranes were congested and 
showed moderate, hyperemic, punctate rash the lips. the 12th day 
few, small, discrete, red maculopapules came out the forehead, left cheek, and 
front the neck. the 13th day there was well marked, though sparse, 
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exanthem the forehead, cheeks, and neck, and fresh maculopapules had 
appeared the lower abdomen. the 14th day the enanthem had disappeared 
and the exanthem had begun fade. the 15th day had disappeared with- 
out desquamation; the animal appeared well and active. There was febrile 
reaction. The leucocyte count was low from the 7th 14th days. Blood cul- 
tures the 2nd, 4th, and 7th days showed growth. piece skin excised 
from the forehead the 2nd day the exanthem shows the typical histological 
picture measles. This animal was subsequently reinoculated June 1920, 
with material containing another strain the virus measles. failed react, 
the control coming down the 7th day with characteristic symptoms measles. 


the following experiment four monkeys were inoculated with 
different portions the nasopharyngeal washings collected from 
patient with measles about hours after the appearance the 
exanthem. One monkey was inoculated the mucous membranes 
the nose and throat with unfiltered washings, one intratracheally 
with filtered (Berkefeld washings, and two intratracheally with 
unfiltered washings. All developed the characteristic symptoms 
measles after the customary incubation period. The protocols follow. 


Experiment 4.—Monkey (Text-fig. Macacus rhesus. May 12, 1920. 
Tnoculated mucous membranes nose and throat with cc. unfiltered naso- 
pharyngeal washings from measles patient, Case Cultures the washings 
showed Staphylococcus pyogenes albus, Streptococcus viridans, and diphtheroid 
bacilli. The animal remained well the 8th day appeared quiet; 
the tongue was coated and its were prominent; two small, bright red spots 
appeared the mucous membrane the upper lip. the 9th day was quiet 
and limp; the conjunctive were injected; the mucous membranes the cheeks 
were congested and third hyperemic spot was present the upper lip. red, 
maculopapular rash appeared the inner and posterior sides the thighs and 
over the perineum. the 10th day the exanthem was more intense and had 
spread the anterior surfaces the thighs and lower abdomen. the 11th 
day the exanthem the thighs had begun tofade. Fresh maculopapules were 
present the abdomen and the left cheek. The conjunctivitis and enanthem 
were less marked. the 14th day the animal appeared well and the exanthem 
had nearly faded, leaving yellowish brown pigmentation. There was well 
marked leucopenia coincident with the foregoing symptoms but definite febrile 
reaction. section skin removed from the thigh the 2nd day the exan- 
them shows the characteristic histological picture measles. 

Monkey (Text-fig. b); Macacus rhesus. May 12, 1920. Intratracheal 
injection 4.5 cc. filtered (Berkefeld minutes, 600 mm. vacuum) naso- 
pharyngeal washings from measles patient, Case Aerobic and anaerobic cul- 
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tures the filtrate showed growth after weeks incubation. The animal 
were moderately injected. the mucous membrane the upper lip there 
was small, red, granular spot and that the left cheek there were three 
slightly elevated, hyperemic spots with bluish white centers presenting the typical 
appearance Koplik spots. few red maculopapules developed the skin 
about the left corner the mouth. the 10th day the condition was the same, 
except for additional spot the mucous membrane the lower lip and fresh 
maculopapules the left cheek. the 11th day there was well developed, 
red, punctate, granular enanthem the mucous membrane the lips; the exan- 
them had spread the forehead, cheeks, and nose. the 13th day the enanthem 
had cleared up; the conjunctivitis was less marked; the exanthem the face was 
fading. red, maculopapular rash had appeared the thighs. During the 
following days the exanthem faded with fine, branny desquamation, and the 
animal again became lively. There was significant febrile reaction, but well 
defined leucopenia occurred from the 8th 11th days. This animal was reinocu- 
lated June 1920, with material containing the same strain measles virus 
after had been passed through three monkeys. failed react, while the con- 
trol after days incubation period developed the characteristic symptoms 
measles. 

Monkey (Text-fig. 4); Macacus rhesus. May 12, 1920. Intratracheal 
injection cc. unfiltered nasopharyngeal washings collected from measles 
patient, Case The monkey remained well for days. the 8th day was 
listless and drowsy, shivering slightly; small hyperemic spot was present the 
mucous membrane the lower lip. The tongue was coated and its papillz were 
prominent. the 9th day the conjunctive were inflamed; there was faint 
erythematous blush over the face and two fresh red macules were present the 
mucous membrane the upper lip. the 10th day there was well developed, 
red, granular enanthem the labial mucous membrane; few, small, discrete, red 
maculopapules appeared the left cheek and the upper arms. the 13th 
day the exanthem had reached its height. consisted numerous, red maculo- 
papules, mm. diameter, irregularly scattered over the face, neck, chest, 
upper arms, abdomen, and thighs (Fig. the 14th day the conjunctive and 
mucous membranes appeared normal again; the exanthem the face and neck 
was yellowish red and showed fine desquamation. During the following days 
the exanthem gradually faded with well marked branny desquamation. the 
18th day the animal again appeared well and active. section skin removed 
from the upper arm the day the exanthem shows the typical lesion 
measles. 

Monkey (Text-fig. a); Macacus rhesus. May 12, 1920. Intratracheal 
injection cc. unfiltered nasopharyngeal washings collected from measles 
patient, Case The animal remained well until the afternoon the 6th day 
when its temperature rose from 103.5° 104.7° and appeared quiet. the 
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7th day appeared listless and drowsy; the temperature remained elavated. 
Blood culture showed growth. the 8th day there was diarrhea; the con- 
junctive were inflamed and there was increased lacrimation; the mucous mem- 
brane the lips was congested and showed two characteristic hyperemic spots; 
the temperature rose 105.8° the 9th day well defined exanthem con- 
sisting small, discrete, red maculopapules appeared about the eyes, the nose, 
right cheek, chin, and about the corners the mouth. The animal was killed 
for passage the virus. 


Observations Monkey inoculated with unfiltered naso- 
pharyngeal washings from measles patient, Case 


negative. Histological sections the skin, labial mucous 
membrane, and tongue show the typical lesions measles. Cultures the heart’s 
blood showed growth. 


The foregoing experiments have shown that monkeys injected 
intratracheally with nasopharyngeal washings from cases measles 
the preeruptive and early eruptive stages the disease react after 
incubation period varying from days with constant and 
characteristic group symptoms closely resembling those measles 
man. These symptoms brief are follows: (1) onset with 
listlessness and drowsiness after definite incubation period during 
which the animal appears well; (2) catarrhal conjunctivitis; (3) 
well defined and characteristic enanthem usually confined the labial 
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mucous membrane; (4) definite exanthem consisting discrete, red 
maculopapules constant character though somewhat variable ex- 
tent and duration and comparable histologically with the exanthem 
measles; (5) leucopenia coincident with the foregoing symptoms; 
(6) prompt and complete recovery after illness days 
duration. Variations that have occurred this group symptoms 
are ones degree the severity the reaction rather than char- 
acter. only two respects has the reaction shown any significant 
variation from the symptoms measles man; namely, the 
inconstant occurrence definite elevation temperature and 
the entire absence symptoms rhinitis and bronchitis. 

The regularity with which this group symptoms has developed 
and the close resemblance the symptoms the symptoms measles 
are presumptive evidence that the reaction due the virus 
measles. That the reaction not due ordinary organisms the 
mouth flora inevitably present unfiltered nasopharyngeal washings 
shown the occurrence the same reaction following the inocu- 
lation washings freed from ordinary bacteria filtration. This, 
course, does not exclude the possibility that the reaction might 


caused filterable toxic substances contained the nasopha- 


ryngeal secretions measles patients rather than the living virus 
measles. This possibility, however, has been excluded the 
successful transmission the infection through considerable series 
monkeys described below. 


Transmission Measles from Monkey Monkey Intratracheal 
Injection Tissue Emulsions. 


The characteristic reaction which follows the inoculation mon- 
keys with nasopharyngeal secretions measles patients has been 


successfully carried through six passages (Text-fig. 6), the intra- 


tracheal injection salt solution tissue emulsions prepared from ani- 
mals killed shortly after the appearance The principal 
tissues used were skin and buccal mucous membrane. some 
cases bits spleen, liver, and lung were also employed. three 
instances attempted passage failed, presumably due two absence 
the virus measles the material inoculated, one the develop- 
ment fatal intercurrent infection. details the experiment 
follow. 
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measles virus, strain from Case through six 
animal passages. Monkeys and were inoculated the nasal and buccal 
mucous membrane, Monkeys intravenously, the other monkeys intra- 
tracheally. 2nd 4th days, etc., Monkeys indicate the days after 
inoculation Monkey which blood was withdrawn from Monkey 22. 
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Experiment First (Text-fig. Macacus rhesus. 
May 20, 1920. Intratracheal injection cc. unfiltered tissue emulsion (skin, 
spleen, liver, and lung) from Monkey Monkey (Text-fig. was killed 
the 1st day the exanthem, the 9th day after inoculation. The hair was 
shaved from the face, front chest, abdomen, and thighs, and the skin thoroughly 
scrubbed with soap and water. The skin was removed from these areas under 
aseptic precautions, cut into small bits with sterile scissors and ground with small 
pieces spleen, liver, and lung sterile mortar with sterile sand and cc. 
0.85 per cent salt solution, the whole procedure requiring about hour. The 
supernatant fluid this emulsion was pipetted off and used for inoculation with- 
out filtration centrifugation. Cultures the fluid blood agar plates showed 
few colonies Staphylococcus albus. Monkey remained well and active for 
days. the 8th day the temperature rose from 104° 104.9° F., the conjunc- 
tive were inflamed, and the leucocyte count was falling. the 9th day the ani- 
mal appeared quiet; few characteristic spots appeared the mucous membrane 
the lips. the 10th day the temperature had risen 106.3° F.; there was 
well developed, hyperemic, granular, punctate rash the labial mucous mem- 
brane and few, red maculopapules had appeared the face. The animal was 
killed for further transfer the infection. 

gross abnormalities. Histological sections the skin, tongue, 
and labial mucous membrane show the typical lesions measles. Aerobic and 
anaerobic cultures the heart’s blood, spleen, and lung showed growth. 

Monkey (Text-fig. c); Macacus rhesus. May 20, 1920. Intratracheal 
injection cc. unfiltered tissue emulsion (skin, spleen, liver, and lung) from 
Monkey the above experiment. The animal remained well for days. 
the 8th day was quiet, showed conjunctivitis and photophobia, and the mu- 
cous membranes were congested. spots were the 10th day was 
drowsy and there was well developed characteristic enanthem. the 
day diarrhea developed; few small, red maculopapules appeared the face and 
thighs. the 12th day abundant exanthem had appeared 
the face, neck, chest, shoulders, and thighs. the 15th day the animal again 
appeared well; the conjunctivitis and enanthem had cleared and the exanthem 
was rapidly fading. Moderate pigmentation persisted for more days and then 
disappeared. There were moderate febrile reaction and well defined leucopenia 
coincident with the foregoing symptoms. Sections skin excised from the neck 
and thigh the 2nd day the exanthem show the characteristic histology 
measles. 

Second (Text-fig. Macacus rhesus. May 29, 1920. 
Intratracheal injection cc. unfiltered tissue emulsion (skin, spleen, and 
lung) from Monkey prepared the same manner the preceding experi- 
ment. Culture the supernatant fluid showed few colonies Staphylococcus 
albus. After the customary incubation period days the animal developed the 
characteristic symptoms measles, the course which indicated the temper- 
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ature chart. The enanthem was very abundant, covering the mucous membranes 
the lips and cheeks. The exanthem had appeared the forehead, nose, chin, 
and left thigh the 11th day when the animal was killed for further passage. 

Autopsy.—Grossly negative except for few, small, irregular patches pneu- 
monia about the hilum the lungs. Culture showed this due Gram- 
streptococcus the viridans group. Histological sections the skin 
and labial mucous membrane show the characteristic lesions measles. 

Monkey 17; Macacus rhesus. May 29,1920. the tissue emulsion from 
Monkey were centrifuged low speed for minutes, the supernatant fluid 
was diluted with cc. salt solution and then passed through Berkefeld 
filter (15 minutes, 600 mm. vacuum). Filtration was slow and after about 
cc. had passed through was stopped. the filtrate were inoculated intra- 
tracheally. The monkey remained free from definite symptoms and was dis- 
carded negative after days observation. 

Third 18; Macacus rhesus. June 1920. Intratracheal 
injection cc. unfiltered tissue emulsion (skin, mucous membrane mouth, 
spleen, and lung) from Monkey 16. Cultures the emulsion showed few colo- 
nies viridans and Staphylococcus albus. This animal promptly 
developed severe pneumonia with Streptococcus viridans septicemia followed 
multiple arthritis and died the 21st day without exhibiting any definite evi- 
dence 

Monkey (Text-fig. Macacus rhesus. June 1920. Intratracheal 
injection cc. unfiltered tissue emulsion from Monkey described above. 
This animal also developed pneumonia but the disease was mild character. 
Blood culture the 5th day showed growth and the monkey appeared 
have recovered. the 7th day few, discrete, hyperemic spots appeared the 
mucous membrane the lips. the 8th day the animal was quiet; the con- 
junctive were injected; fresh spots had appeared the mucous membranes 
the cheeks. the 9th day there was abundant, bright red, granular rash 
the mucous membranes the lips, gums, and cheeks. the 10th day few, 
red maculopapules appeared about the lips, the chin, and behind the ears. 
The animal was killed for further passage. 

Autopsy.—Grossly negative except for small patch pneumonic consolidation 
the right lower lobe. Cultures this area showed Streptococcus viridans. 
Histological sections the tongue and labial mucous membrane show the 
typical lesions measles. 

Fourth (Text-fig. c); Macacus rhesus. June 17, 1920. 
Intratracheal injection cc. unfiltered tissue emulsion (skin and mucous mem- 
branes lips and cheeks) from Monkey 19. Cultures the tissue emulsion 
showed few colonies Staphylococcus albus, Streptococcus viridans, and diph- 
theroid bacilli. The animal remained well for days. the 8th day was 
quiet; several small, discrete, hyperemic macules with whitish centers appeared 
the mucous membrane the lips. the 11th day red, granular rash ap- 
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peared the gums. the 12th day there were moderate conjunctivitis and 
abundant enanthem the mucous membranes the lips, gums, and cheeks which 
appeared deeply congested, granular, and covered with minute whitish points. 
few, small, red, maculopapules developed about the lips. the 13th day the 
exanthem had spread the arms, abdomen, thighs, and lower legs. The animal 
was killed for further passage. Blood cultures made daily from the 2nd 10th 
days showed growth. 

Autopsy.—Grossly negative. Sections skin, mucous membrane the lips, 
and tongue show the typical histology measles. Cultures the heart’s blood 
showed growth. 

Monkey 23; Macacus 17,1920. Mucous membranes nose and 
throat inoculated with cc. unfiltered tissue emulsion (skin and buccal mucous 
membrane) from Monkey 19. The animal remained well for days. From the 
7th 14th days appeared quiet and drowsy. showed mild conjunctivitis 
from the 8th 14th days with photophobia the 10th, 11th, and 12th days. 
few, discrete, hyperemic macules were present the mucous membrane the 
lips from 10th days. diffuse enanthem and exanthem appeared 
any time. The leucocyte count was low from the 6th 16th days, varying 
between 9,460 and 15,740 cells per c.mm., while previous and subsequent counts 
ranged from 17,460 22,800 Although seemed probable that this 
animal suffered from mild infection, evidence was insufficient war- 
rant definite conclusion. Histological sections the labial mucous membrane, 
however, show the typical lesion measles. 

Fifth (Text-fig. d); Macacus rhesus. June 29, 1920. 
Intratracheal injection cc. unfiltered tissue emulsion (skin and mucous mem- 
branes lips and cheeks) from Monkey 22. Cultures the emulsion showed 
few colonies Staphylococcus albus, diphtheroid bacilli, and Gram-negative 
diplococcus. The animal remained well for days. the 10th day was list- 
less; the conjunctive were injected; small hyperemic spot appeared the mu- 
cous membrane the upper the 11th day several discrete spots similar 
character appeared the mucous membrane the lower lip. the 12th day 
there were well developed characteristic enanthem and faint eruption dis- 
crete, red maculopapules over the chin, neck, and inner surfaces the thighs. 
the 13th day there was abundant, well developed, typical exanthem over 
the face, neck, shoulders, chest, thighs, and back lower legs. the 14th 
day the condition was the same and the animal was killed for further passage. 

negative. Cultures heart’s blood showed growth. 
Sections skin, tongue, and labial mucous membrane show the typical histological 
picture measles. 

Sixth (Text-fig. 8); Macacus rhesus. July 12, 1920. 
Intratracheal injection cc. unfiltered tissue emulsion (skin, mucous mem- 
branes lips and cheeks, and piece tongue) from Monkey 28. Cultures 
emulsion showed few colonies Staphylococcus pyogenes aureus, non-hemo- 
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lytic streptococcus, and Gram-negative bacillus. remained well for 
days. the 8th day the temperature rose from 102.9° 103.8° four discrete 
hyperemic spots were present the mucous membrane the upper lip. 
the 10th day diarrhea developed; the conjunctive were moderately congested. 
the 11th day the conjunctivitis was more marked; red, granular, punctate 
rash was present the mucous membranes. the 14th day the enanthem was 
very marked, involving the mucous membranes lips and cheeks. There were 
marked conjunctivitis and photophobia. the 15th day few, discrete, red 
maculopapules appeared about the lips. the 16th day the exanthem was 
more marked, but had not spread. The enanthem was fading. The temperature 
had returned normal. Killed for further passage. 


Temp 

107 

106 

105 


Observations Monkey 29, sixth passage measles virus, 
strain from Case 


Autopsy.—Grossly negative. Cultures heart’s blood showed growth. 
Histological sections skin and labial mucous membrane show the typical lesions 
measles. 

Seventh 30; Macacus rhesus. July 27, 1920. Intratracheal 
injection cc. unfiltered tissue emulsion (skin and mucous membrane 
lips) from Monkey 29. This monkey showed little evidence infection. was 
killed the 14th day, however, unsuccessful attempt further passage. 
seems probable that Monkey was killed too late for successful transmission. 


The foregoing experiments have shown that the characteristic 
group symptoms which occurs monkeys following inoculation 
with nasopharyngeal washings from patients with measles readily 
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induced monkeys intratracheal injection salt solution emul- 
sions the skin and buccal mucous membranes monkeys killed 
early the course the reaction. The transmission this group 
symptoms through six animal passages makes highly probable 
that the reaction due the living virus measles. the use 
unfiltered emulsions the skin and buccal mucous membranes, 
the use unfiltered nasopharyngeal washings 
other organisms than the virus measles were unavoidably intro- 
duced into the trachea. Although there evidence that these 
bacteria were any way associated with the characteristic measles 
reaction, obviously desirable use method transmission that 
will exclude the presence extraneous organisms possible source 
error the interpretation the results obtained. This was 
attempted the case Monkey filtration the tissue emul- 
sion, but without success, since under the conditions the experi- 
ment the virus apparently either failed pass the filter was 
diluted that failed give rise infection. The desired result has 
been accomplished, however, the use blood. 


Transmission Measles from Monkey Monkey Intravenous 
Injection Citrated Whole Blood. 


The clinical course and pathological lesions measles clearly sug- 
gest that the virus present the blood stream for least 
appreciable length time. The experiments Hektoen, Anderson 
and Goldberger, and Nicolle and Conseil, the conclusions the 
authors are accepted, support this view. obtain further knowl- 
edge this subject well eliminate the undesirable features 
the method transmission employed the passage experiments 
described above, the following experiment was carried out. 


Experiment (Text-fig. c), which had been inoculated intratra- 
cheally June 17, 1920, with cc. unfiltered tissue emulsion from Monkey 19, 
was bled daily from the 2nd 10th days after inoculation and again the 13th 
day. The blood, which was received into cc. sterile per cent sodium 
citrate solution, after being cultured, was immediately injected intravenously 
into other monkeys follows (Text-fig. 6): The 2nd, 3rd, and 4th day bleedings, 
amounts 10, 7.5,and cc. respectively, were injected into Monkey 24. This 
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(a) Monkey 25, injected with 5th, 
(b) Monkey 26, injected with 8th, 


Transmission measles virus, strain from Case from 


Monkey means whole citrated blood. 
9th, and 10th day bleedings from Monkey 22. 
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animal remained free from any symptoms measles and was discarded 
tive after days observation. The 5th, 6th, and 7th day bleedings, amounts. 
and cc. respectively, were injected into Monkey 25. This monkey re- 
mained well until the 8th day after the first inoculation blood when developed 
the characteristic measles reaction, the course which shown Text-fig. 
The 8th, 9th, and 10th day bleedings, amounts 12.5, and cc. respec- 
tively, were injected into Monkey 26, which fell ill after incubation period 
days with the typical measles symptoms (Text-fig. The 13th day bleed- 
ing, cc., was injected into Monkey 27. This animal likewise showed typical 


Incubation 

10. Observations Monkey 27, injected with the 13th day bleed- 
ing from Monkey 22. Measles virus, strain from Case 


reaction (Text-fig. incubation period days. Cultures all bleed- 
ings from Monkey were made agar plates. Noneshowed growth. Sections 
skin excised from Monkeys 25, 26, and 27, during the period the exanthem, 
all show the characteristic histological picture measles. 


The result the foregoing experiment important that 
satisfactorily eliminates the objection that can raised the pre- 
ceding passage experiments the ground that other organisms 
beside the virus measles were present the tissue emulsions 
employed. furthermore shows that monkeys inoculated intra- 
tracheally with measles material the virus subsequently enters the 
blood stream and can transmitted readily from monkey monkey 
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intravenous injection whole citrated blood. This observation 
considerable value because provides simple method trans- 
mitting the virus from animal animal pure state and affords 
opportunity for extensive culture study material known 
contain the virus measles and presumably free from other organ- 
There are other suggestive points the experiment which 
lend support previous conceptions the course measles man. 
The failure Monkey react suggests that appreciable period 
intervenes between the time infection the mucous membranes 
the respiratory tract and the entrance the virus into the blood 
The positive transmission Monkey shows that the 
virus had entered the blood Monkey least the 7th day 
after inoculation, time which corresponded with the end the 
incubation period the disease and preceded the onset symptoms 
hours. Whether the virus was present the blood Monkey 
the 5th and 6th days impossible say. interest 
this connection that the incubation period Monkey was 
days, while Monkeys and was but days. This suggests 
the possibility that the virus was not present the 5th and 6th day 
bleedings from Monkey 22. The difference incubation period, 
however, may explained the assumption that the virus was 
much more abundant the blood Monkey from the 8th 
13th days, which coincided with the active stage the disease, than 
from the 5th 7th days, which coincided with the latter half 
the incubation period. The positive results Monkeys and 
show that the virus was present the blood from the onset the 
disease until least the 2nd day the exanthem. How much 
longer may persist the blood has not yet been determined. 
The shortening the incubation period Monkeys and from 
the customary days days was presumably dependent upon the 
introduction the virus directly into the blood stream, since this 
method inoculation the period several days which probably 
elapses between the inoculation the virus the mucous membranes 
and its invasion the blood eliminated. Although our observa- 
tions the infectivity the blood have far been made only 
the experimental disease monkeys, seems probable that similar 
conditions will found obtain measles man. 


410 STUDIES MEASLES. 


SUMMARY. 


the intratracheal injection into monkeys unfiltered nasopha- 
ryngeal washings from cases measles the preeruptive and early 
eruptive stages the disease relatively constant group symptoms 
was induced which closely resemble those measles man. 
seven monkeys inoculated intratracheally with unfiltered nasopha- 
ryngeal washings from seven cases measles, five developed the 
symptoms. The same group symptoms was induced one mon- 
key inoculation the mucous membrane the nose and mouth 
with unfiltered nasopharyngeal washings from case measles. 
these experiments variety organisms, largely saprophytic 
inhabitants the nasopharynx and mouth, were present the 
material inoculated. There sufficient evidence, however, that these 
organisms were way responsible for the reaction, since the same 
group symptoms was induced two monkeys the intratracheal 
injection nasopharyngeal washings from three cases measles 
after the washings had been freed from ordinary organisms the 
mouth flora filtration through Berkefeld filters. 

The characteristic group symptoms which follows the inocu- 
lation monkeys with the nasopharyngeal washings from patients 
with measles has been successfully carried through six passages 
intratracheal injection saline emulsions the skin and buccal 
mucous membranes monkeys killed from days after the onset 
the reaction. From the fourth passage monkey the reaction was 
also successfully induced three monkeys means citrated whole 
blood injected intravenously. This experiment showed the blood 
capable inciting the reaction from least the 7th 13th days 
after intratracheal inoculation the donor monkey, but incapable 
inducing from the 2nd 4th days. Cultures the blood showed 
growth. 

The group symptoms induced has been constant and definite 
character. After incubation period days the animal 
becomes listless and drowsy, the conjunctive become injected, and 
small, discrete, hyperemic macules appear the labial mucous 
membrane. These spots increase number and may eventually 
coalesce the course days form diffuse, red, granular 
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rash. This rash usually limited the labial mucous membrane 
but may extend the inside the cheeks. The individual macules 
may may not show the minute bluish white center characteristic 
Koplik spots. From one several days after onset eruption 
small, discrete, red maculopapules appears the skin, usually 
coming out first the face. The rash progressively increases the 
number and size the individual lesions and may the course 
days extend the skin the neck, shoulders, upper arms, 
chest, abdomen, and thighs. constant character but varies 
considerably extent different animals. the time the exan- 
them fully developed, the rash the mucous membranes has 
begun fade and soon disappears. The exanthem turn pro- 
gressively fades, sometimes with branny desquamation, sometimes 
without. There may moderate pigmentation. the 6th 
the 10th day after onset all symptoms have disappeared and the ani- 
mal again appears well. Coincident with this group symptoms 
there constant and definite reduction the total leucocyte count, 
frequently constituting true leucopenia. Other symptoms 
irregular occurrence are photophobia, diarrhea, and fever. Symptoms 
rhinitis and bronchitis have not been noted. Histological sections 
the lesions the skin show exudative and proliferative lesion 
about the capillaries the corium which endothelial leucocytes 
are the predominating cells. Mitotic cells are not infrequently 
present these areas. The endothelial leucocytes may seen 
migrating toward and occasionally invading the epithelial layers 
the hair follicles, sebaceous glands, and epidermis. places the 
epithelial cells appear edematous and vacuolated, and there evidence 
minute vesicle formation. The lesions the labial mucous mem- 
brane are similar character. Minute vesicle formation the 
epithelium more frequent and the vesicles occasionally assume 
more pustular appearance. Similar lesions are found histological 
sections the tongue. Cultures the blood made both during the 
incubation period and during the course the reaction variety 
media, aerobic and anaerobic, have consistently shown growth. 

The close similarity the symptoms and pathological lesions 
the reaction the symptoms and pathological lesions measles, 
the successful transmission the reaction from monkey monkey, 
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and the elimination ordinary bacteria possible source error 
the interpretation the results, warrant the belief that the reaction 
caused the inciting organism measles. 


CONCLUSION. 


Monkeys (Macacus rhesus) are susceptible inoculation with 
the virus measles. 


EXPLANATION PLATE 


Fic. Exanthem Monkey 10, inoculated with the nasopharyngeal washings 
from patient with measles. The drawing illustrates the character and distribu- 
tion the lesions the 3rd day after the first appearance the exanthem. 
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has already been shown! that group symptoms closely 
resembling those measles readily induced monkeys inocu- 
lation with the nasopharyngeal secretions patients the pre- 
eruptive early eruptive stages measles, and that the virus induc- 
ing this reaction readily transmitted from monkey monkey 
inoculation with blood tissue emulsions from monkeys experi- 
mentally infected. this paper the symptoms and course the 
reaction and the histology the lesions the skin, labial mucous 
membrane, and tongue will described. 


Symptomatology. 


Incubation monkeys inoculated the mucous mem- 
branes the respiratory tract the incubation period remarkably 
constant, being days the majority animals. may vary, 
however, from days. Thus sixteen monkeys inoculated 
the respiratory mucous membrane, the incubation period was days 
four, days nine, days one, days one, and days 
one. During this period the animal appears well and exhibits 
recognizable symptoms. The incubation period after intravenous 
inoculation apparently somewhat shorter days), but enough 
animals have not been inoculated this method warrant definite 
statement. 


Blake, and Trask, D., Jr., Exp. Med., 1921, xxxiii, 385. 
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Onset and onset indicated listlessness, loss 
appetite, drowsiness, and diminution the total leucocyte count. 
There may sharp rise temperature, but this not constant. 
The conjunctive become injected, and small, discrete, hyperemic 
macules appear the labial mucous membrane. During the follow- 
ing days these increase number and may eventually coalesce 
form diffuse, hyperemic enanthem the mucous membrane 
the lips and cheeks. From days after onset red, maculopap- 
ular rash appears the skin, usually coming out first the face. 
The rash increases and may eventually spread the skin the 
arms, chest, abdomen, and thighs, reaching its height days. 
this time the enanthem fading. The exanthem turn progres- 
sively fades, and days after onset all symptoms have 
disappeared. 

acute catarrhal conjunctivitis exhibited 
nearly all animals during the period the reaction. ‘This conspicu- 
ously involves the inner canthus and tarsal conjunctiva, the bulbar 
conjunctiva remaining little all affected. varies from 
moderate congestion the vessels diffuse hyperemia. the 
more severe cases there are increased mucoid secretion, increased 
lacrimation, and definite photophobia. Moderate edema the lids 
may present. Purulent inflammation does not occur. 

Enanthem.—Coincident with shortly following the onset the 
reaction definite and characteristic enanthem appears. ‘This begins 
with the development one more discrete, red spots the labial 
mucous membrane. These spots usually occur only the labial 
mucosa, but may occasionally present the inside the cheeks 
and the gums. They not occur other parts the buccal 
mucosa. They present the appearance discrete, bright red, slightly 
elevated, lusterless macules, mm. diameter. Occasionally 
they show minute, bluish white center. They occur either singly 
small groups two three. Their number progressively 
increases during the first days the reaction. the end 
this time there may ten fifteen all. From this point the 
enanthem pursues one two courses. the milder infections the 
spots now begin fade and days have disappeared. 
more severe infections, however, the spots coalesce form more 
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diffuse, red, slightly granular rash covering large areas the labial 
mucous membrane with intervening areas pale pink mucosa which 
appear normal. still severer infections the entire labial 
mucous membrane and the inside the cheeks finally become covered 
with diffuse, bright red, granular rash studded with numerous 
minute, white, slightly depressed specks. The enanthem now begins 
fade and rapidly disappears the course days. 
days, usually the 3rd 4th day, after 
onset characteristic exanthem appears. generally comes out 
first the face, especially about the eyes, the corners the mouth, 
and the cheeks, but may also appear approximately the same 
time other parts the body, particularly the inner surface 
the thighs. begins with few, discrete, red maculopapules occur- 
ring either singly small groups. The individual maculopapules 
are mm. diameter, fade out gradually their margins into 
the surrounding normal skin, and are frequently located about 
hair follicle. disappear pressure and are never hemorrhagic. 
There diffuse erythema the intervening skin, which appears 
normal. The further progress the rash shows the characteristic 
evolution the measles exanthem, though the rash itself rarely 
becomes widespread thick commonly does man. 
Generally the course days the rash comes out progressively 
the skin the neck, chest, lower abdomen, and the inner surfaces 
the upper arms and thighs. While usually limited these 
less hairy areas the skin, may occasionally sparsely present 
the scalp, shoulders, back, forearms, and posterior surface the 
legs. During this period the individual maculopapules tend 
increase size, but they never become large thickly 
aggregated produce confluent rash. Having reached its height 
the rash begins fade and disappears the course days. 
This sometimes takes place without noticeable desquamation, but 
there frequently fine, branny desquamation the skin over the 
central portion the maculopapules. Occasionally slight, yellow- 
ish brown pigmentation may persist for days after the complete 
fading out the hyperemia. While the foregoing description pre- 
sents composite picture the exanthem, the extent the rash and 
the number maculopapules vary considerably individual animals. 
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Thus may vary from comparatively sparse exanthem limited 
the face face and inner surfaces the thighs, widespread, 
moderately thick exanthem involving the skin the face, neck, trunk, 
and extremities. The character the individual maculopapules, 
however, remains constant and typical. 

the widest possible variation febrile reaction. 
The temperature may rise abruptly onset, even high 
the other hand, the disease may begin without fever 
and remain throughout. When fever occurs may persist only 
during the prodromal stage before the appearance the exanthem 
may continue throughout the course the disease. may 
distinctly remittent type fairly well sustained. occasional 
animal the preliminary rise onset followed return normal 
and distinct secondary rise. these cases the temperature curve 
closely resembles that measles man. 

Leucopenia.—A definite diminution the total leucocyte count 
consistently occurs coincident with the reaction. This usually begins 
days before the onset symptoms and persists for several 
days until the height the exanthem reached. this time the 
leucocytes begin increase and gradually return the course 
days week their former level. The degree leucopenia 
varies somewhat animals, but nearly always well 
defined and may very marked, many animals showing counts 
low 4,000 9,000 cells per c.mm. over period several con- 
secutive days. significant change the leucocyte count which 
may attributed the virus measles appears occur during 
the earlier part the incubation period. Animals inoculated with 
unfiltered nasopharyngeal washings usually show leucocytosis for 
hours after inoculation, but this undoubtedly due the 
effect other organisms, since does not occur animals inoculated 
with filtered washings which other organisms than the virus 
measles are presumably not present. has not yet been deter- 
mined whether the diminution leucocytes due greater reduc- 
tion one type leucocyte compared with other types. 

Other Symptoms.—The general symptoms malaise, such loss 
appetite and activity, are usually moderate degree, but may 
occasionally quite marked. They begin with the onset the 
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reaction and persist until the exanthem begins fade. very 
definite drowsiness often present during the first days the 
disease. Another symptom not infrequent occurrence moder- 
ate diarrhea during the earlier part the reaction. The entire 
absence symptoms rhinitis and bronchitis should noted. 


Microscopic Pathology Skin, Labial Mucous Membrane, and Tongue. 


The tissues available for study consisted small pieces skin 
during life from twelve monkeys during the period the 
exanthem and pieces skin, labial mucous membrane, and tongue 
obtained autopsy from seven monkeys killed for passage the 
virus. The tissues were fixed Zenker’s fluid and stained with alum- 
hematoxylin and eosin. composite picture the lesions will 
given. 

are present both the corium and the epidermis. 
The reaction the corium (Figs. definite and typical. 
consists swelling and proliferation the endothelial cells lining 
the capillaries and smaller veins, accumulation endothelial leuco- 
about the capillaries (Figs. 3,and active multiplication 
these emigrated leucocytes. addition there moderate 
exudation serum into the pericapillary tissue (Figs. and 
the earlier lesions very few eosinophils, polymorphonuclear leuco- 
cytes, and lymphocytes may also present the pericapillary 
exudate. Diapedesis red blood corpuscles has not been seen. The 
endothelial cells the capillary walls appear swollen; their cytoplasm 
finely granular. Occasionally one seen mitosis (Fig. 
emigrated endothelial leucocytes are young and active. Their nuclei 
are frequently lobulated. early cases these leucocytes are 
active mitosis (Figs. and 4), many three five mitotic 
cells sometimes being present about capillary. Occasionally they 

This was always done under anesthesia. 

The term endothelial leucocyte used for the sake convenience compar- 
ing the lesions monkeys with the lesions human measles recently described 


Mallory and The authors, however, not wish commit them- 
selves the opinion that the wandering mononuclear phagocytes are derived 


solely from endothelial cells and not part from other fixed tissue cells mesen-. 


chymal origin. 
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show phagocytosis polymorphonuclear leucocytes and lymphocytes. 
later lesions the exudation serum less marked, mitotic cells 
are longer present, and polymorphonuclear leucocytes are not 
seen. 

These lesions are chiefly the upper part the corium and not 
infrequently lie close the hair sheaths and sebaceous glands. 
Although the exudate primarily pericapillary location, also 
extends into and involves the epithelium the epidermis, hair sheaths, 
and sebaceous glands when the capillary lesions lie closely adjacent 
these structures. 

The lesions the epidermis (Figs. are less numerous and 
conspicuous than those the corium. early cases there are 
minute foci serous exudate the epidermis leading swelling 
and vacuolation the epithelial cells the Malpighian layer (Figs. 
and 7). The nuclei these cells are distorted and may appear 
crescent-shaped and pycnotic. The serum sometimes accumulates 
under the cornified layer, producing minute vesicles (Figs. and 9). 
There slight infiltration these foci with endothelial leucocytes. 
Occasionally more diffuse infiltration the epidermis with endo- 
thelial leucocytes takes place, but this never very conspicuous. 
These early exudative lesions quickly give way retrograde changes. 
The epithelial cells either singly minute clumps show necrosis, 
the serous exudate disappears, and minute, thickened placques are 
present beneath the cornified layer. 

Lesions similar those the epidermis are seen the hair sheaths 
and the sebaceous glands when they lie close capillary lesion. 
Infiltration with endothelial leucocytes apt more conspicuous 
than the epidermal lesions and may result the appearance 
minute pustules these structures. 

Labial Mucous lesions the labial mucous mem- 
brane (Figs. 13) are essentially the same those occurring 
the skin. There are swelling and proliferation the capillary endo- 
thelium (Fig. 10), exudation serum, and migration endothelial 
leucocytes into the pericapillary tissue (Fig. 10), and multiplication 
the emigrated leucocytes. very few polymorphonuclear leuco- 
cytes, eosinophils, and lymphocytes are also present early lesions. 
Invasion the epithelium similar that the epidermis, but 
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usually more marked. consists small foci serum and endo- 
thelial leucocytes beneath the stratified epithelium with vacuolation 
and necrosis the epithelial cells (Figs. and 12). Diffuse infiltra- 
tion the epithelium endothelial leucocytes sometimes quite 
marked. With the progress the lesion the stratified epithelium 
covering these minute pustules macerates and sloughs off leaving 
minute shallow ulcerations the surface (Fig. 13). this stage 
the minute lesions the epithelium not infrequently show con- 
siderable number polymorphonuclear leucocytes, presumably due 
secondary infection. 
Tongue.—The lesions the mucous membrane the tongue 
(Fig. 14) are identical with those the labial mucosa. The capil- 
laries supplying the show swelling and proliferation the 
endothelium, there are exudation serum and endothelial leucocytes 
into the stroma, and invasion the epithelium serum and endo- 


thelial leucocytes with the formation minute pustules beneath the 
stratified layers. 


DISCUSSION. 


That the symptoms observed monkeys experimentally inoculated 
with material containing the virus measles closely resemble those 
human measles seems evident. The incubation period, the con- 
junctivitis, the enanthem, the exanthem, and the leucopenia closely 
parallel the similar characteristic features measles man. While 
true that the average incubation period monkeys 
days shorter than man, this might reasonably expected 
view the presumably large amount virus inoculated intra- 
tracheal injection. least would seem probable that much 
larger amount virus than that which serves transmit measles 
from man man the natural spread the disease, present 
cc. (the amount used) nasopharyngeal washings from 
patient tissue emulsion from infected monkey. this 
so, and there evident reason for believing that not, the 
somewhat shorter incubation period not surprising. The con- 
junctivitis monkeys man catarrhal rather than purulent 
character, and like that the human disease not infrequently 
accompanied definite photophobia and increased lacrimation. 
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The ear:y, discrete macules the buccal mucous membrane corre- 
spond time appearance and distribution with Koplik spots 
and differ from them only the inconstant presence the char- 
acteristic minute, bluish white center. The further evolution the 
rash the buccal mucous membrane essentially identical with 
the evolution the measles enanthem. The exanthem time 
appearance, the character the individual lesions, and evolution 
likewise closely parallels the exanthem measles and differs from 
only that usually more sparse and less widespread. fact, 
there would appear only one conspicuous difference between the 
experimental disease and human measles; namely, the absence 
respiratory symptoms the experimental infection. While this 
difference cannot explained present, would not appear 
constitute valid reason for rejecting the belief that the reaction 
observed experimentally infected monkeys caused the virus 
measles. 

Further and even more conclusive evidence found the char- 
acter the lesions the skin and the buccal mucous membrane. 
These lesions have been carefully studied cases human measles 
and more recently Mallory and 


According the latter authors the lesions the skin are “due proliferative 
and exudative reaction and around small network capillaries the upper 
part The reaction consists occasional mitoses the lining endo- 
thelial cells; emigration endothelial leucocytes, and active proliferation 
them around the vessels; very slight emigration polymorphonuclear 
leucocytes and lymphocytes; and phagocytosis them the endothelial 
leucocytes. 

“The exudation serum and endothelial leucocytes first active, and passes 
the adjoining epidermis, hair sheaths and sebaceous glands. often collects 
small foci, forming minute vesicles and pustules. The epithelial cells involved 
the exudation undergo necrosis. the time the exanthem clearly evident, 
these minute lesions the epidermis are already beginning dry up, and later 
desquamate scales. the meantime the endothelial leucocytes the corium 
continue proliferate and accumulate around the blood vessels for two four 
days, and then gradually disappear. 

spots correspond exactly the minute early lesions the epidermis, 


Ewing, Infect. Dis., 1909, vi, 
Mallory, B., and Medlar, M., Med. 1920, xli, 327. 
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but instead drying they tend macerate, and may terminate erosions 
or, secondarily infected, ulcerations.” 


clear from the foregoing description that the lesions the 
skin and buccal mucosa human measles are exactly like those 
found the skin and buccal mucous membrane the experimental 
infection induced 


SUMMARY AND CONCLUSIONS. 


The symptomatology the reaction induced monkeys inocu- 
lation with material containing the virus measles described. 
The symptoms and course this reaction closely parallel those 
human measles. 

The microscopic pathology the lesions the skin and buccal 
mucous membrane monkeys experimentally infected with the virus 
measles also described. These lesions are essentially identical 
with the corresponding lesions measles man. 


EXPLANATION PLATES. 


37. 


Fic. Early lesion the corium showing mitosis endothelial cell lining 
capillary, and pericapillary exudate serum and endothelial leucocytes, one 
which mitosis. 1,000. 

Fic. Endothelial leucocytes accumulated about capillary the corium; 
one shown mitosis. 1,000. 


PLATE 38. 


Fic. Early lesion about small vein the corium showing exudate 
serum and endothelial leucocytes. 1,000. 

Fic. Two endothelial leucocytes mitosis near capillary the corium. 
1,000. 

Fic. Exudate serum and endothelial leucocytes the corium. 500. 


wish express our gratitude Dr. Mallory for being kind exam- 
ine histological sections the skin and buccal mucosa from the infected monkeys. 
are also indebted him for permission quote his opinion that the lesions 
the monkeys present essentially the same histological picture that found 
the corresponding lesions measles man. 
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Fic. Accumulation endothelial leucocytes about capillaries and small 
veins the corium; focal infiltration the epidermis with serum and endothelial 
leucocytes. 240. 

Fic. Early lesion the epidermis showing invasion the Malpighian layer 
endothelial leucocytes and beginning vacuolation. 1,000. 


40. 


Fic. Early vesicle formation the epidermis. 240. 
Vesicle the epidermis with beginning plaque formation the cornified 
layer. 240. 
Fic. 10. Accumulation endothelial leucocytes near two capillaries the 
labial mucosa; swelling the capillary endothelium. 1,000. 


41. 


Fic. 11. Koplik spot the labial mucosa, very early stage; focal infiltration 
the epithelium with serum and endothelial leucocytes. 1,000. 
Fic. 12. Koplik spot the labial mucosa, early stage; focal accumulation 
serum and endothelial leucocytes the epithelium (pustule formation) degenera- 
tion and necrosis epithelial cells. 240. 
13. Koplik spot mucosa, late stage; necrosis and maceration 
the epithelium with erosion the surface. 240. 
Fic. 14. Diffuse infiltration the epithelium the tongue with endothelial 
leucocytes. 240. 
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